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(54) TlUc: METHODS ANDCOMPOSmONSFORDL\GNOSING AND TREATING DISORDERS INVOLVING ANGIOGEN- 
ESIS 

(57) Abstract: The present invention relates to polynucleotides associated with angiogenesis-related disorders. The present inven- 
tion also relates to feline angiostatin genes, novel genes associated with angiogenesis-related disorders, such as cancer. The invention 
encompasses angiostatin nucleic acids, recombinant DNA molecules, cloned genes or degenerate variants tiiereof, angiostatin gene 
products and antibodies directed against such gene products, cloning vectors containing mammalian angiostatin gene molecules, and 
hosts that have been genetically engineered to express such molecules. The invention further relates to methods for the identification 
of compounds that modulate the expression of angiostatin genes and gene products and to using such compounds as therapeutic 
agents in the treatment of angiogenesis-related disorders, e.g.^ cancer. The invention also relates to methods for the diagnostic evalu- 
ation, genetic testing and prognosis of angiogenesis-related disorders, e,g., cancer and to methods and compositions for the treatment 
these disorders. 
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tumor, but also for the dissemination and reoolonlzatlort of metastatic tumor ceils. The precise 
mechanisms that control the angiogenic switch is not well understood, but It Is believed that 
neovascularization of tumor mass results from the net balance of a multitude of anglogenesis 
stimulators and Inhibitors (Folkman, 1 995, Nat Med 1 (1 ):27-31 ). 

5 One of the most potent angiogenesis Inhibitors. Is angiostatin identified by O'Reilly and 

Folkman (O'Reilly etal., 1997. C©//88(2):277-85; O'Reilly et a!.. 1994. Ce//79(2):3 15-28). Its 
discovery was based on the phenomenon that certain primary tumors can inhibit the growth of 
distant metastases. O'Reilly and Folkman hypothesized that a primary tumor initiates 
angiogenesis by generating angiogenic stimulators in excess of inhibitors. However, 

10 angiogenic inhibitors, by virtue of their longer half life In the circulation, reach the site of a 
secondary tumor In excess of the stimulators. The net result Is the growth of primary tumor 
and inhibition of secondary tumor. Angiostatin is an example of a growing list of such 
angiogenesis inhibitors produced by primary tumors. Angiostatin Is a proteolytic fragment of a 
larger proteins: angiostatin is a 38 kDa fragment frorri plasminogen (amino acid Val98-Gly4S9 in 

15 murine plasminogen). Angiostatin has been shown to specifically inhibit endothelial cell 
proliferation in vitro and block angiogenesis in vivo. More importantly, administration of 
angiostatin to tumor-bearing mice leads to significant tumor regression, and no toxicity or drug 
resistance has been observed even after multiple treatment cycles (Boehm et al., 1997, 
Nature 390(6658):404-407). The fact that angiostatin targets genetically stable endothelial 

20 cells and inhibits a variety of soiki tumors makes it a very attractive candidate for anticancer 
therapy (Fidler and Ellis, 1994, Ce// 79(2): 185-8; Gastl etai.. 1997. Onco/ogy 54(3): 177-84; 
van Hinsbergh et al.. 1999, Ann Oncol 10 Suppi 4:60-3). In addition, angiogenesis inhibitors 
have been shown to be more effective when combined with radiation and chemotherapeutk: 
agents (Klement. 2000. J. Clin Invest, 105(8) R15-24. Browder. 2000, Cancer Res. 6-(7) 

25 1878-86. Arap et al., 1998. Science 279(5349):377-80; Mauceri et al.. 1998. A/afi/re 
394(6690):287-91). 

Cancer is not only devesting to humans, but is also the most common cause of 
natural death in cats. There are 1277 tumor bearing cafe per 100. 000. (Wiiliam A. Prester and 
Frank W. McKay - Malignant tumor types in companion animals: the Oocunrence of tumors In 
30 domestic animals. NCI monograph # 54 1980. NIH Publication No. 80-2046). Treatments such 
as radiation thereapy and chemotherapy, have only very limited success. Thus, more effective 
treatments for angiogenic diseases, such as. for example, feline cancers, are necessary. 

SUMMARY OF THE INVENTION 
35 The present invention encompasses novel nucleotide sequences that are associated 

with angiogenesis related disorders, e.g., cancer. The invention more specifically relates to 
nucleotide sequences that encode angiostatin. In addition, angiostatin nucleic acids, 
recombinant DMA molecules, cloned genes or degenerate variants thereof are provided 
herein. The Invention also provides vectors, Including expression vectors, containing 
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MFTHODS AND COMPOSITIONS FOR PrAGNOSlNG AND TREATING 
DISORDERS INVOLVING ANGIOGENESIS 

5 FIELD OF THE INVENTION 

The present Invention relates to polynucleotide sequences which are shown herein to 
be associated with the regulation of angiogenesls. More specifically, the present Invention 
relates to novel polynucleotide sequences which encode the anglogenesis Inhibitor 
angiostatin; more particularly, the feline anglostatln. The invention encompasses anglostatin 

10 nucleic acids, recombinant DNA molecules, cloned genes and degenerate variants thereof, 
vectors containing such angiostatin nucleic adds, and hosts that have been genetically 
engineered to express and/or contain such molecules. The invention further relates to 
angiostatin gene products and antibodies directed against such gene products. The invention 
further relates to methods for the Identification of compounds that modulate the expression, 

IS synthesis and activity of such angiostatin nucleic acids, and to methods of using compounds 
such as those Identified herein as therapeutic agents in the treatment of anglogenesls-retated 
disorders, Including, but not limited to, cancer. The invention also relates to methods for the 
diagnostic evaluation, genetic testing and prognosis o( an angiogenesls-related disorder, 
Including, but not limited to, cancer. 

20 

BACKGROUND OF THE INVENTION 
Angiogenesls, defined as the growth or sprouting of new blood vessels from existing 
vessels, is a complex process that primarily occurs during embryonic development. Under 
normal physiological conditions In adults, anglogenesis takes place only In very restricted 

25 situations such as hair growth and wounding healing (Auerbach, W. and Auerbach, R., 1994, 
Pharmacol Ther 63(3):265-3 11; Ribatti et al.,1991, Haematologica 76(4):3 11-20; Risau, 
1997, Nature 386(6626):67 1-4). Unregulated anglogenesis has gradually been recognized to 
be responsible for a wide range of disorders, Including, but not limited to, cancer, 
cardiovascular disease, rheumiatold arthritis, psoriasis and diabetic retinopathy (Folkman, 

30 1 995, Nat Med 1 (1 ):27-31 ; Isner, 1 999, Circulation 99(1*3): 1 653-5; Koch, 1 998, Mhritis 

Rheum 41(6):951-62; Walsh, 1999, Rheumatology (Oxford) 38{2);103-12; Ware and Simons, 
1 997, Nat Med 3(2): 1 58-64). Of particular interest is the observation that anglogenesis is 
required by solid tumors for their growth and metastases (Folkman, 1986, Cancer Res, 46(2) 
467-73. Folkman 1990. J Natl. Cancer Inst., 82(1) 4-6,. Folkman, 1992, Semin Cancer Biol 

35 3{2):65-71 ; Zetter, 1 998, Annu Rev Med 49:407-24). A tumor usually begins as a single 

aberrant cell which can proliferate only to a size of a few cubic millimeters due to the distance 
from available capillary beds, and It can stay 'donnanf without further growth and 
dissemination for a long period of time. Some tumor cells then switch to the angiogenic 
phenotype to activate endothelial cells, which proliferate and mature into new capillary blood 

40 vessels. These newly formed blood vessels not only allow for continued growth of the primary 

1 
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angioslatin nucleic acid molecules, and hosts that have been genetically engineered to 
express and/or contain such angiostatin gene products. 

The invention further relates to novel angiostatin gene products and to antibodies 
directed against such gene products, or variants or fragments thereof. 

5 The Invention further relates to methods for modulation of anglostatin-medlated 

processes and for the treatment of disorders involving anglogenesis, such as cancer, 
Including the amelioration or prevention of at least one symptom of the disorders, wherein 
such methods comprise administering a compound which modulates the expression of an 
angiostatin gene and/or the synthesis or activity of an angiostatin gene product. In one 

10 embodiment, the invention relates to methods for the use of a novel angiostatin gene product 
or fragment, analog, or mimetic thereof, or an antibody or antibody fragment directed against 
an angiostatin gene product, to treat or ameliorate a symptom of such disorders In a 
mammalian subject, e.g. a cat. 

Such disorders Include, but are not limited to, angiogenesls-dependent cancer, 

15 Including, for example, solid tumors, blood bom tumors such as leulcemlas, and tumor 

metastases; benign tumors, for example hemangiomas, acoustic neuromas, neurofibromas, 
trachomas, and pyogenic granulomas; rheumatoid arthritis; psoriasis; ocular angiogenic 
diseases, for example, diabetic retinopathy, retinopathy of prematurity, macular degeneration, 
corneal graft rejection, neovascular glaucoma, retrolental fibroplasia, rubeosis; Osier-Webber 

20 Syndrome; myocardial anglogenesis; plaque neovascularization; telangiectasia; hemophiliac 
Joints; angiofibroma; wound granulation; coromary collaterals; cerebral collaterals; 
arteriovenous malformations; ischemic limb anglogenesis; diabetic neovascularization; 
macular degeneration; fractures; vasculogenesis; hematopoiesis; ovulation; menstruation; and 
placentatlon. 

25 The invention further relates to methods for modulation of anglostatin-medlated 

processes and for the treatment of disorders involving abnormal stimulation of endothelial 
cells, Including the amelioration or prevention of at least one symptom of the disorders, 
wherein such methods comprise administering a compound which modulates the expression 
of an angiostatin gene and/or the synthesis or activity of an angiostatin gene product. In one 

30 embodiment, the invention relates to methods for the use of a novel angiostatin gene product 
or fragment, analog, or mimetic thereof, or an antibody or antibody fragment directed against 
an angiostatin gene product, to treat or ameliorate a symptom of such disorders In a 
mammalian subject, e.g. a cat. 

The endothelial cell proliferation Inhibiting proteins of the present invention are useful 

35 in the treatment of disease of excessive or abnormal stimulation of endothelial cells. These 
diseases Include, but are not limited to. Intestinal adhesions, atherosclerosis, scleroderma, 
and hypertrophic scars. I.e.. keloids. They are also useful in the treatment of diseases that 
have anglogenesis as a pathologic consequence such as cat scratch disease (Rochele 
minalla quintosa) and ulcers {Helicobacter pylon). . 
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The invention further relates to methods for blocking Interactions between anglostatin 
and its respective receptor with analogs that act as receptor antagonists. These antagonists 
may promote endothelialization and vascularization. Such effects may be desirable in 
situations Including, but not limited to. inadequate vascularization of the uterine endometrium 

5 and associated Infertilty, wound repair, healing of cuts and incisions, treatment of vascular 

problems in diabetics, especially retinal and peripheral vessels, promotion of vascularization In 
transplanted tissue including muscle and sl<in, promotion of vascularization of cardiac muscle 
especially following transplantation of a heart or heart tissue and after bypass surgery, 
promotion of vascularization of solid and relatively avascular tumors for enhanced cytotoxin 

10 delivery, and enhancement of blood flow to the nervous system, including but not limited to the 
cerebral cortex and spinal cord. 

The term "angiostatin-related disorder" as used herein, refers to disorders involving an 
anglostatin gene or gene product, or an aberrant level of angiostatin gene expression, gene 
product synthesis and/or gene product activity, respectively, relative to levels found In normal, 

IS unaffected, unimpaired individuals, levels found in clinically nonnal individuals, and/or levels 
found in a population whose levels represent baseline, average angiostatin levels. 

The term "angiostatin-mediated process" as used herein, includes processes 
dependent and/or responsive, either directly or indirectly, to the level of expression, gene 
product synthesis and/or gene product activity of anglostatin genes. 

20 In another embodiment, such methods can comprise modulating the level of 

expression or the activity of an angiostatin gene product in a cell such that the 
angiostatin-mediated.process or the disorder is treated, e.g.. a symptom is ameliorated. In 
another embodiment, such methods can comprise supplying a nucleic acid molecule encoding 
an anglostatin gene product to Increase the level, expression or activity of the angiostatin gene 

25 product within the cell such that the angiostatin-mediated process or the disorder is treated, 
e.g., a symptom is ameliorated. The nucleic acid molecule encoding the angiostatin gene 
product can encode a mutant angiostatin gene product with increased activity or expression 
levels. 

The invention still further relates to methods for modulation of angiostatin-mediated 
30 processes or the treatment of angiostatin-related disorders, such as cancer, including, but not 
limited to, disorders resulting from angiostatin gene mutations, and/or an abnormal levels of 
anglostatin expression or activity and disorders Involving one or more angiostatin genes or 
gene products, wherein treatment includes the amelioration or prevention of at least one 
symptom of such disorders In a mammalian subject, e.g. a cat. In one embodiment, such 
35 methods can comprise supplying a mammal {e.g. a cat) in need of treatment with a nucleic 
acid molecule encoding an unimpaired angiostatin gene product such that the unimpaired 
angiostatin gene product is expressed and the disorder is treated, e.g., a symptom Is 
ameliorated, in another embodiment, such methods can comprise supplying a mammal (e.g. 
a cat) In need of treatment with a cell comprising a nucleic acid molecule that encodes an 
40 unimpaired anglostatin gene product such that the cell expresses the unimpaired angiostatin 



wo 2004/108916 



PCT/IB2004/001802 



gene product and the disorder Is treated, e.g., a symptom is ameliorated. In yet another 
embodiment, such methods comprise supplying a mammal In need of treatment with a 
modulatory compound, such as, for example, a small molecule, peptide or antibody that is 
capable of modulating the activity of an angiostatin gene or gene product. 

In addition, the present Invention is directed to:methods that utilize angiostatin gene 
sequences and/or angiostatin gene product sequences for the diagnostic evaluation, genetic 
testing and/or prognosis of angiogenesls-related disorders, such as cancer. For example, the 
invention relates to methods for diagnosing angiogenesls-related disorders, e.g., cancer, 
wherein such methods can comprise measuring angiostatin gene expression In a patient 
sample of a mammalian subject (e.g. a cat), or detecting an angiostatin mutation that 
correlates with the presence or development of such a disorder, in the genome of a mammal 
(e.g. a cat) suspected of exhibiting such a disorder. 

The present invention also is directed tp utilizing the angiostatin gene sequences 
and/or gene products as markers for mapping of the human chromosome. 

The Invention still further relates to methods for identifying compounds capable of 
modulating the expression of an angiostatin gene and/or the synthesis or activity of an 
angiostatin gene product, wherein such methods comprise contacting a compound with a cell 
that expresses such an angiostatin gene, measuring the levels of angiostatin gene 
expression, gene product expression or gene product activity, and comparing such levels to 
the levels of angiostatin gene expression, gene producj:, or gene product activity produced by 
the cell in the- absence of such compound, such that If the level obtained in the presence of 
the compound differs from that obtained in its absence, a compound capable of modulating 
the expression of the angiostatin gene and/or the synthesis or activity of the angiostatin gene 
product has been identified. 



25 



ABBREVIATIONS 



30 



As used herein, the following terms shall have the abbreviations Indicated. 
BAG: bacterial artificiai chromosome 

bp: base pair(s) 

dbEST: expressed sequence tag data base (National Center for 



Biotechnology Information) 



35 



EST: expressed sequence tag 

RT-PCR: reverse transcriptase PGR 

SSCP: single-stranded conformational polymorphism 

SNP: single nucleotide polymorphism 

YAC: yeast artificial chromosome 



40 



BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1: The nucleotide sequence of feline pro-anglostatin (SEQ ID NO: 1). 
Fig. 2: The amino acid sequence of feline pro-angiostatin translated from the 
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sequence of Fig. 6 (SEQ ID NO: 2). The region conresponding to angiostatin Is in bold (amino 
add residues 38-401). 

Fig. 3: The nucleotide sequence of feline angiostatin (SEQ ID NO: 3). 

Fig. 4: The amino acid sequence of feline angiostatin translated from the sequence of 
5 Fig. 3 (SEQ ID NO: 4). 

Fig. 5: An amino acid alignment of angiostatin from feline, human, mouse and iaovlne. 
The program used is Lasergene MegAIIgn, aligned by Qustal method (DNA Star Inc., 
Madision, Wl). 

Fig. 6: Immunoblot .analysis of 2g3 cells transfected with piasmids expressing HA- 

10 tagged versions of feline angiostatin (Fe-Angio) and HA-tagged murine angiostatin (Mu- 
Angio). Secreted proteins from culture supernatants were separated by SDS-PAGE and 
detected by Western blotting using antibody directed against HA-tag and alicallne 
phosphatase conjugated secondary antibody. 

Fig. 7: Immunoblot analysis of 293 cells transfected with piasmids expressing HA- 

15 tagged versions of feline angiostatin (Fe-Angio) and HA-tagged murine angiostatin (Mu- 
Anglo). Intracellular proteins from total cell lysates were separated by SDS-PAGE and 
detected by Western blotting using antibody directed against HA-tag and alkaline phosphatase 
conjugated secondary antibody. 

Fig. 8: Endothelial Cell Proliferation Assay. The figure shows a summary of Inhibition 

20 of endothelial ceil proliferation by HA-tagged feline angiostatin (HA-fe-angio) as well as murine 
angiostatin (HA-mu-angio). 293 cells were transfected with anglogenesis inhibitors or green 
fluorescent protein (GFP) as control. The supernatants were harvested 48 hours post 
transfection and incubated with bFGF stimulated CPAE bovine endothelial cells or 293 cells 
for 72 hours. The total numbers of cells were counted and plotted. Four independent 

25 experiments were canied out and each experiment was done in duplicate. Filled bars 

represent percent of stimulated CPAE cells, while open bars represent percent of stimulated 
293 cells. 

Fig. 9: Endothelial Cell Proliferation Assay. The figure shows a summary of inhibition 
of endothelial cell proliferation by an untagged version of feline angiostatin (fe-angio). 293 
30 cells were transfected with anglogenesis inhibitors or green fluorescent protein (GFP) as 
control. The supernatants were harvested 48 hours post transfection and Incubated with 
bFGF stimulated CPAE bovine endothelial cells or 293 cells for 72 hours. The total numbers 
of cells were counted and plotted. Four independent experiments were carried out and each 
experiment was done in duplicate. Filled and open bars are as described above. 
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DETAILED DESCRIPTION OF THE INVENTION 
Compositions and methods relating to nucleic acid sequences associated with 
disorders involving anglogenesis are described herein. Novel genes which are associated 
with angiogenesis-related disorders have been identified. Such genes encode angiostatin. in 
40 particular, described below are angiostatin nucleic acid molecules, as well as vectors 
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comprising these molecules, host cells engineered to contain and/or express such molecules. 

anglostatin gene products, and antibodies that specifically recognize such gene products. 

Also described are various uses of these nucleic acids, polypeptides, and antibodies, as well 

as methods for their detection. For example, methods-for the use of these molecules for 
5 modulation of angiogenesis-related processes and for treatment of anglogenesls-related 

disorders, such as cancer, are described. Assays for screening compounds that interact with 

an anglostatin gene or gene product, or modulate anglostatin gene or gene product activity 

also are described below. Methods of treatment of an angiogenesis-related disorder using the 

compositions of the invention and compositions Identified by the methods of the Invention are 
10 further described. Finally, phanmaceutlcal compositions for use with the compositions of the 

invention are described. 

The term "animal or sulijecf or "subjecf as usfed herein refers to any mammalian 

subject, e.g. human, mouse, and cat. The compositions and methods provided by the present 

invention are particulariy useful for application to cats. 
15 Anglostatin nucleic acid molecules are described in this section. Unless othenvlse 

stated, the term "anglostatin nucleic acid' refers collectively to the sequences described 

herein. 

The anglostatin nucleic acid molecules of the invention Include: 

(a) a nucleic acid molecule containing the DNA sequence of anglostatin (Fig. 3 (SEQ 
20 ID N0:3)), and fragments thereof; 

(b) a nucleic acid molecule comprising an anglostatin nucleic acid sequence (e.g., the 
nucleic acid sequences depicted in Fig. 1 (SEQ ID N0:1 ) or a fragment thereof; 

(c) a nucleic acid molecule that encodes an anglostatin gene product (e.g. an 
anglostatin polypeptide); 

25 (d) a nucleic acid molecule that comprises at least one exon of an anglostatin gene; 

(e) a nucleic acid molecule that comprises anglostatin gene sequences of upstream 
untranslated regions, intronic regions, and/or downstream untranslated regions, or fragments 
thereof, of the anglostatin nucleotide sequences in (b) above; 

(0 a nucleic acid molecule that encodes a mutant of an anglostatin gene product in 
30 which all or a part of one or more of the domains is deleted or altered, as well as fragments 
thereof; 

(g) nucleic add molecules that encode fusion proteins comprising an anglostatin gene 
product, or a fragment thereof, fused to a heterologous polypeptide; 

(h) nucleic acid molecules within the anglostatin genes described in b), above (e.g., 
35 primers), or within chromosomal nucleotide sequences flanking the anglostatin gene, which 

can be utilized as part of the methods of the invention for identifying and diagnosing 
individuals at risk for. or exhibiting an angiogenesis-related disorder, such as cancer, or can 
be used for mapping human chromosomes; and; 
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(i) nucleic acid molecules within the angiostatin genes described In b), above, or within 
chromosomal nucleotide sequences flanking the angiostatin, which correlate with an 
angiogenesis-retated disorder, such as cancer. 

The angiostatin nucleotide'sequences of the invention further include nucleotide 
5 sequences corresponding to the nucleotide sequences of (a)-(i) above wherein one or more of 
the exons, or fragments thereof, have been deleted. 

The angiostatin nucleotide sequences of the Invention also Include nucleotide 
sequences greater than 20, 30, 40, 60, 60, 70, 80, 90.1 00, or more base pairs long that have 
at least 85%, 90%, 95%. 98%, or more nucleotide sequence identity to the angiostatin 

10 nucleotide sequences of (a)-(l) above, with the proviso that the angiostatin is not human, 
canine, mouse or bovine angiostatin. 

The angiostatin nucleotide sequences of the invention further include nucleotide 
sequences that encode polypeptides having at least 85%, 90%, 95%, 98%, or higher amino 
acid sequence Identity to the polypeptides encoded by the angiostatin nucleotide sequences of 

15 (aHI) above. 

To detemilne the percent Identity of two amino acid sequences or of two nucleic 
acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can be 
introduced in the sequence of a first amino add or nucleic acid sequence for optimal 
alignment with a second amino or nucleic add sequence). The amino acid residues or 

20 nucleotides at corresponding amino acfd positions or nucleotide positions are then compared. 
When a position in the first sequence Is occupied by the same amino acid residue or 
nudeotlde as the corresponding position In the second sequence, then the molecules are 
Identical at that position. The percent Identity between the two sequences Is a function of the 
number of identical positions shared by the sequences {i.e., % identity = # of identical 

25 overiapping positions/total # of overiapplng positions x 100%). In one embodiment, the two 
sequences are of the same length. 

The determination of percent identity between two sequences can also be 
accomplished using a mathematical algorithm. A prefen^d, non-ilmiting example of a 
mathematical algorithm utilized for the comparison of two sequences is the algorithm of Kariin 

30 and Aitschul, 1990. Proc. Natl. Acad. ScL USA 87:2264-2268, modified as in Kariin and 

Altschul, 1993. Proc. Natl. Acad, Sa\ USA 90:5873-5877. Such an algorithm is incorporated 
Into the NBLAST and XBI^T programs of Altschul, et al.. 1990. J. Md. Biol. 215:403-410. 
BLAST nudeotide searches can be performed with the NBI_AST program, score = 100, 
wordiength = 12 to obtain nucleotide sequences homologous to a nucleic acid molecules of 

35 the invention. Bl-AST protein searches can be perfonned with the XBLAST program, score = 
50, wordiength = 3 to obtain amino add sequences homologous to a protein molecules of the 
Invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can be 
utilized as described In Altschul et al., 1997, Nucleic Acids Res. 25:3389-3402. Alternatively, 
PSI-Blast can be used to perfonn an Iterated search which detects distant relationships 

40 between mdecules (Altschul et al.. 1997, supra). When utilizing BLAST. Gapped BLAST, and 
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PSI-Biast programs, the default parameters of the respective programs (e.g., XBLAST and 
NBLAST) can be used (see http:/ywww.ncbl.nlm.nih.gov). Another prefenred. non-limiting 
example of a mathematical algorithm utilized for the comparison of two sequences Is the 
algorithm of Karlin and Altschul 1990, Proc. Natl. Acad. ScL USA 87:2264-2268. modified as 

5 In Kariin and Altschul, 1993, Proc. Natl. Acad, ScL USA 90:5873-5877, Such an algorithm Is 
Incorporated Into the NBLAST and XBLAST programs of Altschul, et al., 1990, J. MoL BioL 
215:403-410. BLAST nucleotide searches can be performed with the NBLAST program, 
score = 100, wordlength = 12 to obtain nucleotide sequences homologous to a nucleic acid 
molecules of the Invention. BLAST protein searches can be perfonned with the XBLAST 

10 program, score = 50, wordlength = 3 to obtain amino acid sequences homologous to a protein 
molecules of the Invention, To obtain gapped alignments for comparison purposes, Gapped 
BLAST can be utilized as described in Altschul et al., 1997, Nucleic Acids Res. 25:3389-3402. 
Alternatively, PSI-Blast can be used to perform an iterated search which detects distant 
relationships between molecules (Altschul et al., 1997, supra). When utilizing BLAST. 

15 Gapped BLAST, and PSI-Blast programs, the default parameters of the respective programs 
(e.g., XBLAST and NBLAST) can be used (see http://www.ncbi.nlm.nlh.gov). Another 
preferred, non-limiting example of a mathematical algorithm utilized for the comparison of 
sequences is the algorithm of Myers and Miller, 1 988, CABIOS 4:1 1-1 7. Such an algorithm is 
incorporated Into the ALIGN program (version 2,0) which is part of the GCG sequence 

20 alignment software package. When utilizing the ALIGN program for comparing amino add 

sequences, a PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4 
can be used. 

The percent identity between two sequences can be determined using techniques ^ 
similar to those described above, with or without allowing gaps. In calculating percent identity. 

25 typically only exact matches are counted. 

The angiostatin nucleotide sequences of the invention further Include: (a) any 
nucleotide sequence that hybridizes to an angiostatin nucleic acid molecule of the invention 
under moderately stringent conditions, e.g., hybridization to filter-bound DNA In 6x sodium 
chloride/sodium citrate (SSC) at about 45°C followed by one or more washes In 

30 0.2xSSC/0.1 % SDS at about 50-65X, or (b) under highly stringent conditions, e.g., 

hybridization to filter-bound nucleic acid In 6xSSC at about 45°C followed by one or more 
washes in O.lx SSC/0.2% SDS at about 68X, or under otiier hybridization conditions which 
are apparent to ttiose of skill in the art (see, for example, Ausubel P.M. et al., eds„ 1989, 
Current Protocols In Molecular Biology, Vol. I, Green Publishing Associates, Inc., and John 

35 Wiley & Sons, Inc., New York, at pp. 6.3.1-6.3,6 and 2.1 0.3). Preferably the angiostatin 

nucleic acid molecule that hybridizes under conditions described under (a) and (b), above, is 
one that comprises tiie complement of a nucleic acid molecule that encodes an angiostatin 
gene product. In a preferred embodiment, nucleic acid molecules tiiat hybridize under 
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conditions (a) and (b), above, encode gene products, e.g., gene products functionally 
equivalent to an angiostatin gene product. 

Functionally equivalent angiostatin gene products Include naturally occurring 
angiostatin gene products present in the same or different species. Functionally equivalent 

5 angiostatin gene products also include gene products that retain at least one of the biological 
activities of an angiostatin gene product, and/or which are recognized by and bind to 
antibodies (polyclonal or monoclonal) directed against such gene product. 

Among the nucleic acid molecules of the Invention are deoxyoligonudeotldes 
("oligos") which hybridize under highly stringent or stringent conditions to the angiostatin 

10 nucleic acid molecules described above. In general, for probes between 14 and 70 

nucleotides In length the melting temperature (Tm) Is calculated using the formula: Tmi^'O) = 
81.5 + 16.6 (log [monovalent cations (molar)]) + 0,41 (% G+C) -(600/N) where N is the length 
of the probe. If the hybridization is carried out in a solution containing formamide, the melting 
temperature Is calculated using the equation TmC^C) = 81 .5 + 16.6 (log[monovalent cations 

15 (molar)]) + 0.41 (% G+C) -(0.61 % formamide) -(500/N) where N is the length of the probe. In 
general, hybridization is carried out at about 20-25 degrees below Tm (for DNA-DNA hybrids) 
or 1 0-1 5 degrees below Tm (for RNA-DNA hybrids). 

Exemplary highly stringent conditions may refer, e.g.. to washing In 6xSSC/0.05% 
sodium pyrophosphate at 37°C (for about 14-base ollgos), 48''C (for about 17-base oligos), 

20 55X (for about 20-base oligos), and eO^'C (for about 23-base oligos). 

The nucleic acid molecules of the invention further comprise the complements of the 
nucleic acids described above. Such molecules can, for example, act as antisense 
molecules, useful, for example, in angiostatin gene regulation, and/or as antisense primers in 
amplification reactions of angiostatin gene nucleic acid sequences. 

25 The nucleic acid sequences of the invention may be used as part of ribozyme and/or 

triple helix sequences, also useful for angiostatin gene regulation. Still further, such molecules 
may be used as components of diagnostic methods whereby, for example, the presence of a 
particular angiostatin allele involved In an angiogenesis-related disorder, e.g., cancer, may be 
detected, or whereby the metiiods involve mapping tiie human chromosomal region spanned 

30 by the alleles. 

Fragments of tiie angiostatin nucleic acid molecules refer to angiostatin nucleic acid 
sequences tiiat can be at least 10, 12, 15, 20. 30, 40, 50. 60, 70, 80, 90, 100, 200, 300, 400, 
500, 600, 700, 800, 900, 1000, 1250, 1500, 1750. 2000, 2250. 2500, 2750, 3000. 3250, 3500, 
3750, 4000, 4250, 4500, 4750, 5000, or more contiguous nucleotides In length. Alternatively, 

35 the fragments can comprise sequences that encode at least 10, 20, 30, 40, 50, 100, 150, 200, 
250, 300, 350, 400, 450 or more contiguous amino acid residues of tiie angiostatin gene 
products. In one embodiment, tiie angiostatin nucleic acid molecules encode a gene product 
exhibiting at least one biological activity of a con^ponding angiostatin gene product, e.g., an 
angiostatin gene product. Fragments of tiie angiostatin nucleic acid molecules can refer also 
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to angiostatin exons or introns, and, further, can refer to portions of anglostatin coding regions 
tiiat encode domains of angiostatin gene products. 

With respect to identification and isolation of angiostatin nucleotide sequences, such 
sequences can be readily obtained, for example, by utilizing standard sequencing and 

S bacterial artificial chromosome (BAG) technologies. 

As will be appreciated by those skilled In the art, DIMA sequence polymorphisms of an 
angiostatin gene will exist within a population of individual organisms (e.g., within a human or 
feline population). Such polymorphisms may exist, for example, among individual organisms 
within a population due to natural allelic variation. Such polymorphisms include ones that lead 

10 to changes in amino acid sequence. As used herein, the phrase 'allelic variant" refers to a 
nucleotide sequence which occurs at a given locus or to a gene product encoded by that 
nucleotide sequence. Such natural allelic variations can result in 1-5%, 5-20%, or 20-50% 
variance In the nucleotide sequence of a given gene. An allele is one of a group of genes 
which occur alternatively at a given genetic locus. Alternative alleles can be identified by 

15 sequencing the gene of Interest in a number of different individual organisms. This can be 

readily carried out by using hybridization probes to Identify the same genetic locus in a variety 
of individual organisms. As used herein, the terms "gene" and "recombinant gene" refer to 
nucleic acid molecules comprising an open reading frame encoding a polypeptide of the 
invention. The tenm can further Include nucleic acid molecules comprising upstream and/or 

20 exon/intron sequences and stmcture. 

With respect to the cloning of additional allelic variants of the human angiostatin gene 
and homologs and orthologs from other species (e.g., guinea pig, cow, mouse, feline), the 
isolated angiostatin gene sequences disclosed herein may be labeled and used to screen a 
cDNA library constructed from mRNA obtained from appropriate cells or tissues (e.g., liver) 

25 derived from the organism (e.g., guinea pig. cow, mouse, feline) of interest. The hybridization 
conditions used should generally be of a lower stringency when the cDNA library is derived 
from an organism different from the type of organism from which the labeled sequence was 
derived, and can routinely be determined based on, e.g., relative reiatedness of the target and 
reference organisms. 

30 Alternatively, the labeled fragment may be used to screen a genomic library derived 

from the organism of interest, again, using appropriately stringent conditions. Appropriate 
stringency conditions are well known to those of skill In the art as discussed above, and will 
vary predtetably depending on the specific organisms from which the library and the labeled 
sequences are derived. For guidance regarding such conditions see, for example, Sambrook, 

35 et al, 1989, Molecular Cloning, A Laboratory Manual, Second Edition, Cold Spring Harbor 
Press, N.Y,; and Ausubel, et a/., 1989-1999, Current Protocols in Molecular Biology, Green 
Publishing Associates and Wiley intersdence, N.Y., both of which are incorporated herein by 
reference In their entirety. 

Further, an angiostatin gene allelic variant may be isolated from, for example, human 

40 or feline nucleic acid, by performing PCR using two degenerate oligonucleotide primer pools 



wo 2004/108916 



PCT/1B2004/001802 



designed on the basis of amino add sequences within the angiostatin gene products disclosed 
herein. The template for the reaction may be cDNA obtained by reverse transcription of 
mRNA prepared from, for example, human or non-human cell lines or tissue knovm or 
suspected to express a wild type or mutant angiostatin gene allele (such as, for example, liver 

5 cells). In one embodiment, the allelic variant Is Isolated firom an individual organism that has . 
an anglogenesls-mediated disorder. 

The PGR product may be subcloned and sequenced to ensure that the amplified 
sequences represent the sequences of an angiostatin ^ene nucleic acid sequence. The PGR 
fragment may then be used to isolate a full length cDNA clone by a variety of methods. For 

10 example, the amplified fragment may be labeled and used to screen a bacteriophage cDNA 
library. Alternatively, the labeled fragment may be used to Isolate genomic clones via the 
screening of a genomic library. 

PGR technology also may be utilized to isolate full length cDNA sequences, as well as 
cDNA sequences connesponding to alternatively spliced mRNA species. For example, RNA 

15 may be Isolated, following standard procedures, from an appropriate cellular or tissue source 
(/.e., one known, or suspected, to express the angiostatin gene, such as, for example, liver 
tissue samples obtained through biopsy or post-mortem), A reverse transcription reaction 
may be performed on the RNA using an oligonucleotide primer specific for the most 5' end of 
the amplified fragment for the priming of first strand synthesis. The resulting RNA/DNA hybrid 

20 may then be "tailed" with guanines using a standard terminal transferase reaction, the hybrid 
may be digested with RNase H. and second strand synthesis may then be primed with a poly- 
G primer. Thus, cDNA sequences upstream of the amplified fragment may easily be isolated. 
For a review of cloning strategies that may be used, see e.g.. Sambroolc et al., 1989, supra, or 
Ausubel et al., supra. 

25 A cDNA of an allelic, e.g., mutant, variant of the angiostatin gene may be isolated, for 

example, by using PGR, a technique that is weil known to those of skill In the art. In this case, 
the first cDNA strand may be synthesized by hybridizing an oligo-dT oligonucleotide to mRNA 
Isolated from tissue known or suspected to be expressed in an individual organism putatively 
canrying a mutant angiostatin allele, and by extending the new strand with reverse 

30 transcriptase. The second strand of the cDNA Is then synthesized using an oligonucleotide 
that hybridizes specifically to the 5* end of the normal gene. Using these two primers, the 
product is then amplified via PGR, cloned into a suitable vector, and subjected to DNA 
sequence analysis through methods well known to those of skill In the art By comparing the 
DNA sequence of the mutant angiostatin allele to that of the normal angiostatin allele, the 

35 mutation(s) responsible for the loss or alteration of function of the mutant angiostatin gene 
product can be ascertained. 

AltemativeVi a genomic library can be constructed using DNA obtained firom an 
individual organism suspected of or known to carry a mutant angiostatin allele, or a cDNA - 
library can be constructed using RNA from a tissue known, or suspected, to express a mutant 

40 angiostatin allele. An unimpaired angiostatin gene, or any suitable fragment thereof, may tiien 
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be labeled and used as a probe to identify Uie corresponding mutant angiostatin allele in such 
libraries. Clones containing the mutant angiostatin gene sequences may then be purified and 
subjected to sequence analysis according to methods.Well l^nown to those of skill in the art. 

Additionally, an expression library can be constructed utilizing cDNA synthesized from. 

5 for example, RNA isolated from a tissue known, or suspected, to express a mutant angiostatin 
allele In an Individual organism suspected of or known to canry such a mutant allele. In this 
manner, gene products made by the putatlvely mutant tissue may be expressed and screened 
using standard antibody screening techniques In conjunction with antibodies raised against the 
normal angiostatin gene product, as described, below. (For screening techniques, see, for 

10 example. Hariow and Lane. eds.. 1988, "Antibodies: A Laboratory Manual", Cold Spring 
Harbor Press, Cold Spring Harbor.) ? 

In cases where an angiostatin mutation results In an expressed gene product with 
altered function (e.g., as a result of a missense or a frameshlft mutation), a polyclonal set of 
anti-angiostatin gene product antibodies are likely'to cross-react with the mutant angiostatin 

15 gene product. Library clones detected via their reactloh with such labeled antibodies can be 
purified and subjected to sequence analysis according to methods well known to those of skill 
In the art. 

Angiostatin mutations or polymorphisms can further be detected using PGR 
amplification techniques. Primers can routinely be designed to amplify overiapping regions of 

20 the whole angiostatin sequence Including the promoter regulating region. In one embodiment, 
primers are designed to cover the exon-lntron boundaries such that, coding regions can be 
scanned for mutations. 

The invention also Includes nucleks acid molecules, preferably DNA molecules, that 
are the complements of the nucleotide sequences of the preceding paragraphs, 

25 In certain embodiments, the nucleic acid molecules of the Invention are present as 

part of nucleic acid molecules comprising nucleic acid sequences that contain or encode 
heterologous (e.g., vector, expression vector, or fusion^;protein) sequences, 

Angiostatin gene products Include those gene products encoded by nucleic acid 
molecules comprising the angiostatin gene sequences described, above. In addition. 

30 angiostatin gene products may Include proteins that represent functionally equivalent gene 
products. Such an equivalent angiostatin gene products may contain deletions. Including 
Internal deletions, additions. Including additions yielding fusion proteins, or substitutions of 
amino acid residues within and/or adjacent to the amino acid sequence encoded by the 
angiostatin gene sequences described, above, but that result in a "silent" change, in that the 

35 change produces a functionally equivalent angiostatin gene product. Amino acid substitutions 
may be made on the basis of similarity In polarity, charge, solubility, hydrophobicity, 
hydrophilicity, and/or the amphlpathic nature of tiie residues Involved. For example, nonpolar 
(hydrophobic) amino acids include alanine, leucine, isoleucine, valine, proline, phenylalanine, 
tryptophan, and methionine; polar neutral amino acids include glycine, serine, threonine, 

40 cysteine, tyrosine, asparagine. and glutamine; positively charged (basic) amino acids Include 

13 
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arginine, lysine, and histidlne; and negatively charged (acidic) amino acids include aspartic . 
acid and glutamic acid. 

Aiternativeiy, where alteration of function is desired, deletion or non-conservative 
alterations can be engineered to produce altered angiostatin gene products. Such alterations 
5 can, for example, alter one or more of the biological functions of the angiostatin gene product. 
Further, such alterations can be selected so as to generate angiostatin gene products that are 
better suited for expression, scale up, etc. in the host cells chosen. For example, cysteine 
residues can be deleted or substituted with another amino acid residue in order to eliminate 
disulfide bridges. 

10 Peptides and/or proteins corresponding to one or more domains of an angiostatin 

protein, as well as fusion proteins, in which an angiostatin protein or a portion of an angiostatin 
protein, such as a truncated angiostatin protein, or peptide or an angiostatin protein domain, is 
fused to an unrelated protein are also within the scope of this invention. Such proteins and 
peptides can be designed on the basis of the angiostatin nucleotide sequence disclosed, 

15 above, and/or on the basis of the angiostatin amino add sequence disclosed herein. Fusion 
proteins include, but are not limited to, IgFc fusions which stabilize the angiostatin protein or 
peptide and prolong half life in vivo; or fusions to any amino acid sequence that allows the 
fusion protein to be anchored to the cell membrane; or. fusions of angiostatin protein domains 
to an enzyme, fluorescent protein, luminescent protein, or a flag epitope protein or peptide 

20 which provides a marlcer function. 

Angiostatin proteins of the invention also include angiostatin protein sequences 
wherein domains encoded by at least one exon of the cDNA sequence, or fragments thereof, 
have been deleted. 

The angiostatin protein sequences described above can include a domain which 

25 comprises a signal sequence that targets the angiostatin gene product for secretion. As used 
herein, a signal sequence Includes a peptide of at least about 15 or 20 amino acid residues in 
length which occurs at the N4erminus of secretory and membrane-bound proteins and which 
contains at least about 70% hydrophobic amino acid residues such as alanine, leucine, 
isoteucine, phenylalanine, proline, tyrosine, tryptophan, or valine, in a preferred embodiment, 

30 a signal sequence contains at least about 10 to 40 amino acid residues, preferably about 
19-34 amino acid residues, and has at least about 60-80%, more preferably 65-75%, and 
more preferably at least about 70% hydrophobic residues. A signal sequence serves to direct 
a protein containing such a sequence to a lipid bllayer. 

A signal sequence of a polypeptide of the invention can be used to facilitate secretion 

35 and isolation of the secreted protein or other proteins of Interest. Signal sequences are 

typically characterized by a core of hydrophobic amino adds which are generally cleaved from 
the mature protein during secretion In one or more cleavage events. Such signal peptides 
contain processing sites that allow cleavage of the signal sequence from the mature proteins 
as they pass through the secretory pathway. Thus, the' Invention pertains to the described 

40 angiostatin polypeptides having a signal sequence (that Is, "immature" polypeptides), as well 
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as to the angiostatin signal sequences themselves and to the angiostatln polypeptides in the 
absence of a signal sequence (/.e., the "mature" angiostatin cleavage products). It Is to be 
understood that angiostatin polypeptides of the invention can further comprise polypeptides 
comprising any signal sequence having characteristics as described above and a mature 

5 angiostatin polypeptide sequence. 

The angiostatin polypeptides of the invention can further comprise posttranslationai 
modifications, including, but not limited to, glycosylations, acetylations, myristylatlons, and 
phosphorylations. If the native angiostatin protein does not have recognition motifs that allow 
such modifications, It would be routine for one skilled in the art to Introduce Into an angiostatin 

10 gene nucleotide sequences that encode motifs such as enzyme recognition signals so as to 
produce a modified angiostatin gene product. 

The angiostatin gene products, peptide fragments thereof and fusion proteins thereof, 
may be produced by recombinant D^4A technology using techniques well known In the art. 
Thus, methods for preparing the angiostatin gene polypeptides, peptides, fusion peptide and 

15 fusion polypeptides of the invention by expressing nucleic acid containing angiostatin gene 
sequences are described lierein. Methods ttiat are well known to Uiose skilled in the art can 
be used to construct expression vectors containing angiostatin gene product coding 
sequences and appropriate transcriptional and translational control signals. These methods 
include, for example, In vitro recombinant DNA techniques, synthetic techniques, and In vivo 

20 genetic recombination. See, e.g., the techniques described In Sambrook, et aL, 1989, supra, 
and Ausubei, et a!., 1989, supra. Alternatively, RNA capable of encoding angiostatin gene 
product sequences may be chemically syntiiesized using, for example, synttiesizers. See, 
e.g., the techniques described in "Oligonucleotide Syntiiesis", 1984, Gait, ed., IRL Press. 
Oxford. 

25 A variety of host-expression vector systems may be utilized to express tiie angiostatin 

gene coding sequences of tiie invention. Such host-e)^pression systems represent vehicles by 
which the coding sequences of interest may be produced and subsequentiy purified, but also 
represent cells tiiat may, when transfonftied or transfected with the appropriate nucleotide 
coding sequences, exhibit the angiostatin gene product of the invention in situ. These Include, 

30 but are not limited to, microorganisms such as bacteria (e.g., £ co//, S. subtilis) transformed 
with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression vectors 
containing angiostatin gene product coding sequences; yeast (e.g., Sacctiaromyces, Pichia) 
transformed with recombinant yeast expression vectors containing the angiostatin gene 
product coding sequences; Insect cell systems Infected^ witii recombinant virus expression 

35 vectors (e.g., baculovlrus) containing the angiostatin gene product coding sequences; plant 
cell systems Infected witti recombinant virus expression vectors (e.g., cauliflower mosaic 
virus, GaMV; tobacco mosaic vims, TMV) or transfonned witii recombinant plasmid expres- 
sion vectors (e.g., Ti plasmid) containing angiostatin gene product coding sequences; or 
mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3) harboring recombinant expression 

40 constructs containing promoters derived from the genome of mammalian cells (e.g., 

15 
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metallothionein promoter) or from mammalian viruses (e.g., the adenovirus iate promoter; the 
vaccinia virus 7.5K promoter). 

In bacterial systems, a number of expression vectors may be advantageously 
selected depending upon the use Intended for the anglostatin gene product being expressed. 

5 For example, when a large quantity of such a protein is to be produced, for the generation of 
pharmaceutical compositions of anglostatin protein or for raising antibodies to anglostatin 
protein, for example, vectors that direct the expression of high levels effusion protein products 
that are readily purified may be desirable. Such vectors Include, but are not limited, to the £ 
CO// expression vector pUR278 (Ruther et a/., 1983, EMBO J. 2, 1791), In which the 

10 anglostatin gene product coding sequence may be ligated individually Into the vector In frame 
with the lac 1 coding region so that a fusion protein Is produced; pIN vectors (Inouye and 
Inouye, 1985, Nucleic Acids Res. 13, 3101-3109; Van Heeke and Schuster, 1989. J. Biol. 
Chem. 264, 5503-5509); and the lil<e. pGEX vectors may also be used to express foreign 
polypeptides as fusion proteins with glutathione S-tran^erase (GST), in general, such fusion 

15 proteins are soluble and can easily be purified from lysed cells by adsorption to glutathione- 
agarose beads followed by elution in the presence of free glutathione. The pGEX vectors are 
designed to include thrombin or factor Xa protease cleavage sites so that the cloned target 
gene product can be released from the GST moiety. 

In an Insect system, Autographa califbmica, nuclear polyhedrosis virus (AcNPV) Is 

20 used as a vector to express foreign genes. The virus grows In Spodoptem frugiperda cells. 
Anglostatin gene coding sequences may be cloned individually Into non-essential regions (for 
example the polyhedrin gene) of the virus and placed ijnder control of an AcNPV promoter (for 
example the polyhedrin promoter). Successful Insertion of anglostatin gene coding 
sequences will result In Inactlvatlon of the polyhedrin gene and production of non-occluded 

^5 recombinant virus {i.e., virus lacking the proteinaceous coat coded for by the polyhedrin gene). 
These recombinant vimses are then used to infect Spodoptera frugiperda cells in which the 
inserted gene is expressed (e.g., see Smith, eta/., 1983. J. Virol. 46. 584; Smith. U.S. Patent 
No. 4.215.051). 

In mammalian host cells, a number of viral-based expression systems may be utilized. 

30 In cases where an adenovirus is used as an expression vector, an anglostatin gene coding 

sequence of Interest may be ligated to an adenovirus transcription/translation control complex, 
e.g., the late promoter and tripartite leader sequence. This chimeric gene may then be 
inserted in the adenovirus genome by in vitro or In vh/o recombination. Insertion In a non- 
essential region of the viral genome (e.g., region El or E3) will result in a recombinant vims 

35 that is viable and capable of expressing anglostatin gene product in infected hosts, (e.g., See 
Logan and Shenk, 1 984, Proc. Natl. Acad. Sci. USA 81 , 3655-3659). Specific initiation signals 
may also be required for efficient translation of Inserted anglostatin gene product coding 
sequences. These signals include the ATG initiation codon and adjacent sequences. In 
cases where an entire anglostatin gene, Including an ihitiation codon and adjacent sequences, 

40 Is inserted into the appropriate expression vector, no additional translatlonal control signals 
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may be needed. In cases where only a portion of the anglostatin gene coding sequence is 
inserted, similar exogenous translational control signal^, Including, perhaps, the ATG initiation 
codon, must be provided. Furthermore, the initiation codon must be in phase with the reading 
frame of the desired coding sequence to ensure translation of the entire insert. These 

5 exogenous translational control signals and initiation codons can be of a variety of origins, 

both natural and synthetic. The efficiency of expression may be enhanced by the inclusion of 
appropriate transcription enhancer elements, transcription tenmlnators, etc. (see BIttner, etai, 
1 987, Methods in EnzymoL 1 53, 51 6-544). 

In addition, a host cell strain may be chosen that modulates the expression of the 

10 inserted sequences, or modifies and processes the gene product in the specific fashion 

desired. Such modifications (e.g., glyoosylatlon) and processing (e.g., cleavage) of protein 
products may be Important for the function of the protein. Different host cells have charac- 
teristic and specific mechanisms for the post-translational processing and modification of 
proteins and gene products. Appropriate cell lines or host systems can be chosen to ensure 

15 the conrect modification and processing of the foreign protein expressed. To this end, 

eukaryotic host cells that possess the cellular machinery for proper processing of the primary 
transcript, glycosylation, and phosphorylation of the gene product may be used. Such 
mammalian host cells include but are not limited to CHO, VERO, BHK, HeLa, COS, IVIDCK, 
293,3T3.andWI38, 

20 For long-term, high-yield production of recombinant proteins, stable expression is 

prefen-ed. For example, ceil lines that stably express the anglostatin gene product may be 
engineered. Rather than using expression vectors that contain viral origins of replication, host 
cells can be transformed with DNA controlled by appropriate expression control elements 
(e.g., promoter, enhancer, sequences, transcription temfiinators, polyadenylation sites, etc.). 

25 and a selectable marker. Following the introduction of the foreign DNA, engineered cells may 
be allowed to grow for 1-2 days in an enriched media, and then are switched to a selective 
media. The selectable marker in the recombinant plasmid confers resistance to the selection 
and allows cells to stably Integrate the plasmid Into their chromosomes and grow to form foci 
that in tum can be cloned and expanded into ceil lines. This method may advantageously be 

30 used to engineer cell lines that express the anglostatin gene product. Such engineered cell 
lines may be particularly useful in screening and evaluation of compounds that affect the 
endogenous activity of the anglostatin gene product 

A number of selection systems may be used. Including, but not limited to, the herpes 
simplex virus thymidine kinase (Wigler, etat., 1977, Ce// 11, 223), hypoxanthlne-guanlne . 

35 phosphoribosyltransferase (Szybalska and SzybalskI, 1 962, Proc. Natl. Acad. Scl. USA 48, 

2026), and adenine phosphoribosyltransferase (Lowy, etah, 1980, Cell 22, 817) genes can be 
employed In tk', hgpri:' or aprt' cells, respectively. Also, antimetabolite resistance can be used 
as the basis of selection for the following genes: dhfr, which confers resistance to 
methotrexate (Wigler, etal., 1980, Proc. Natl. Acad. ScL USA 77, 3567; O'Hare, etal., 1981, 

40 Proc. Natl. Acad. Sd. USA 78, 1527); gpt, which confers resistance to myoophenolic acid 
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(Mulligan and Ber^. 1981, Proc. Nat!. Acad. Scl. USA 78, 2072); neo. which confers resistance 
to the aminoglycoside G-418 (CollwnnB-GarapIn, e/a/., 1981, J. MoL Biol. 150, 1); and hygro. 
which confers resistance to hygromycin (Santen-e, et a/., 1984, Gene 30, 147). 

Alternatively, any fusion protein may be readily purified by utilizing an antibody specific 
5 for the fusion protein being expressed. For example, a system described by Janknecht, et al 
allows for the ready purification of non-denatured fusion proteins expressed In human cell 
lines (Janlcnecht, ef a/.. 1991, Proc. Natl. Acad. ScL USA 88, 8972-8976). In this system, the 
gene of interest is subcloned into a vaccinia recombination plasmid such that the gene's open 
reading frame is translatlonally fused to an amino-terminal tag consisting of six histidine 
10 residues. Extracts from cells infected with recombinant vaccinia virus are loaded onto 

Nr-nitriloacetic acid-agarose columns and histidine-tagged proteins are selectively eiuted with 
Imidazole-containing buffers. 

Alternatively, the expression characteristics of an endogenous anglostatin gene within 
a cell, cell line, or microorganism may be modified by inserting a heterologous DISIA regulatory 
15 element into the genome of a stable cell line or cloned microorganism such that the inserted 
regulatory element is operatively linked with the endogenous anglostatin gene. For example, 
an endogenous anglostatin gene which is normally "transcriptionally silent", /.e.. an anglostatin 
gene which is nomially not expressed, or is expressed only at very low levels In a cell, cell line, 
or microorganism, may be activated by inserting a regulatory element whfeh is capable of 
20 promoting the expression of a normally expressed gene product in that cell, cell line, or 

microorganism. Alternatively, a transcriptionally silent, endogenous anglostatin gene may be 
activated by insertion of a promiscuous regulatory element that worths across cell types. 

A heterologous regulatory element may be Inserted into a stable cell line or cloned 
mtoroorganism. such that it is operatively linked with an endogenous anglostatin gene, using 
25 techniques, such as targeted homologous recombination, which are well known to those of 

skill in the art, and described e.g., in Chappel. U.S. Patent No. 5,272.071; PCT publication No. 
WO 91/06667. published May 16. 1991. 

Anglostatin gene products also can be expressed In transgenic animals. Animals of 
any species, Including, but not limited to, mice, rats, rabbits, guinea pigs, pigs, micro-pigs, 
30 goats, sheep, and non-human primates, e.g.. baboons, monkeys, and chimpanzees may be 
used to generate anglostatin transgenic animals. The term "transgenic," as used herein, 
refers to animals expressing anglostatin gene sequences from a different species (e.g., mice 
expressing human or feline angiostatin sequences), as well as animals that have been 
genetically engineered to overexpress endogenous (i.e., same species) anglostatin 
35 , sequences or animals that have been genetically engineered to no longer express 

endogenous anglostatin gene sequences (i.e., "knock-out" animals), and their progeny. 

Any technique known In the art may be used to Introduce an angtostatin gene 
transgene into animals to produce the founder lines of transgenic animals. Such techniques 
include, but are not limited to, pronuclear microinjection (Hoppe and Wagner, 1989, U.S. Pat. 
40 No. 4,873,191 ); retrovirus mediated gene transfer Into gemn lines (van der Pulten, et ai., 1985, 
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Proc. Natl. Acad. Scl., USA 82, 6148-6152); gene targeting In embryonic stem cells 
(Thompson, ef a/.. 1989, Ce/ZSe. 313-321); electroporation of embryos (Lo. 1983, MoL Cell. 
Biol 3, 1803-1814); and sperm-mediated gene transfer (Lavitrano ef a/., 1989, Cell 57, 717- 
723). (For a review of such techniques, see Gordon, 1 989, Transgenic Animals, Intl. Rev. 
5 CyfoA 115. 171-229.) 

Any technique known In the art may be used to produce transgenic animal clones 
containing an anglostatin transgene, for example, nuclear transfer into enucleated oocytes of 
nuclei from cultured embryonic, fetal or adult cells Induced to quiescence (Campbell, et aL, 
1996, Nature 380. 64-66; Wilmut. etal.. Nature 385, 810-813). 
10 The present Invention provides for transgenic animals that carry an anglostatin 

transgene In all their cells, as well as animals that cany the transgene In some, but not all their 
cells, /.e., mosaic animals. The transgene may be integrated as a single transgene or In 
concatamers. e.g.. head-to-head tandems or head-t^-tall tandems. The transgene may also 
be selectively introduced into and activated In a particular cell type by following, for example, 
15 the teaching of Lasko ef a/. (1992. Proc. Natl, Acad. Scl. USA 89, 6232-6236). The regulatory 
sequences required for such a cell-type specific activation will depend upon the particular cell 
type of interest, and will be apparent to those of skill In the art. When it is desired that the 
anglostatin gene transgene be integrated into the chroixiosomai site of the endogenous 
anglostatin gene, gene targeting Is preferred. Briefly, when such a technique is to be utilized, 
20 vectors containing some nucleotide sequences homologous to the endogenous angiostatin 
gene are designed for the purpose of integrating, via homologous recombination with 
chromosomal sequences, into and disrupting the function of the nucleotide sequence of the 
endogenous angiostatin gene. The transgene may also be selectively Introduced Into a 
particular cell type, thus Inactivating the endogenous anglostatin gene In only that ceil type, by 
25 following, for example, the teaching of Gu, et al. (1994, Science 265, 103-106). The 

regulatory sequences required for such a cell-type specific Inactivatlon will depend upon the 
particular cell type of interest, and will be apparent lo those of skill in the art. 

Once transgenic animals have been generated, the phenotypic expression of the 
recombinant angiostatin gene may be assayed utilizing standard techniques, initial screening 
30 may be accomplished by Southern blot analysis or PGR techniques to analyze animal tissues 
to assay whether integration of the transgene has taken place. The level of mRNA expression 
of the transgene in the tissues of the transgenic animals may also be assessed using 
techniques that Include, but are not limited to, Northern blot analysis of tissue samples 
obtained from the animal. In situ hybridization analysis, and RT-PCR (reverse transcriptase 
35 PGR). Samples of angiostatin gene-expressing tissue, may also be evaluated 

Immunocytochemlcally using antibodies specific for the angiostatin transgene product. 

Anglostatin gene products, or peptide fragments thereof, can be prepared for a variety 
of uses. For example, such gene products, or peptide fragments thereof, can be used for the 
generation of antibodies, in diagnostic assays, or for mapping and the identification of other 
40 cellular or extracellular gene products involved in the regulation of an angiogenesls-related 
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disorder, such as cancer. Such anglostatin gene products include, but are not limited to, 
soluble derivatives such as peptides or polypeptides corresponding to one or more domains of 
the anglostatin gene product, particularly anglostatin gene products that are modified such 
that they are deleted for one or more hydrophobic domains. Alternatively, antibodies to the 
5 anglostatin protein or anti-ldlotypic antibodies that mimic the anglostatin gene product 

(Including Fab fragments), antagonists or agonists can be used to treat angiogenesis-related 
disorders, such as cancer, in yet another approach, nucleotide constructs encoding such 
anglostatin gene products can be used to genetically engineer host cells to express such 
anglostatin gene products in vivo; these genetically engineered cells can function as 
10 "bloreactors" in the body delivering a continuous supply of anglostatin gene product, 
anglostatin peptides or soluble anglostatin polypeptides. 

Described herein are methods for the production of antibodies capable of specifically 
recognizing one or more anglostatin gene product epitopes or epitopes of conserved variants 
or peptide fragments of the gene products. 
15 Such antibodies may include, but are not limited to, polyclonal antibodies, monoclonal 

antibodies (mAbs), feline, human, humanized or chimeric antibodies, single chain antibodies, 
Fab fragments, F(ab')2 fragments, fragments produced by a Fab expression library, anti- 
idiotyplc (anti-Id) antibodies, and epitope-binding fragments of any of the above. Such 
antibodies may be used, for example, in the detection of an anglostatin gene product in an 
20 biological sample and may, therefore, be utilized as part of a diagnostic or prognostic 

technique whereby subjects may be tested for abnomial levels of anglostatin gene products, 
and/or for the presence of abnonnal forms of such gene products. Such antibodies may also 
be utilized In conjunction with, for example, compound screening schemes, as described 
below, for the evaluation of the effect of test compounds on anglostatin gene product levels 
25 and/or activity. Additionally, such antibodies can be used In conjunction with the gene therapy 
techniques described below, for example, to evaluate the normal and/or engineered 
angiostatin-expressing cells prior to their introduction into the subject. 

Anti-anglostatin gene product antibodies may additionally be used as a method for the 
inhibition of abnormal anglostatin gene product activity. Thus, such antibodies may, be 
30 utilized as part of treatment methods for an angiogenesis-related disorder, e.g., cancer. 

For the production of antibodies against an anglostatin gene product, various host 
animals may be Immunized by Injection with an anglostatin gene product, or a portion thereof. 
Such host animals may Include, but are not limited to, rabbits, mice, and rats, to name but a 
few. Various adjuvants may be used to Increase the immunological response, depending on 
35 the host species, including but not limited to Freund's (complete and incomplete), mineral gels 
such as aluminum hydroxide, surface active substances such as lysolecithin, piurohlc potyols, 
polyanlons, peptides, oil emulsions, keyhole limpet hemocyanin, dinltrophenol, and potentially 
useful human adjuvants such as BCG (bacille Calmette^uerin) and Corynebacterlum 
parvum. 
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Polyclonal antibodies are heterogeneous populations of antibody molecules derived 
from the sera of animals immunized with an antigen, such as an anglostatin gene product, or 
an antigenic functional derivative thereof. For the production of polyclonal antibodies, host 
animals such as those described above, may be immunized by Injection with anglostatin gene 

5 product supplemented with adjuvants as also described above. 

Monoclonal antibodies, which are homogeneous populations of antibodies to a 
particular antigen, may be obtained by any technique that provides for the production of 
antibody molecules by continuous cell lines in culture. These include, but are not limited to, 
the hybridoma technique of Kohler and Miistein, (1975, Nature 256, 495-497; and U.S. Patent 

10 No. 4,376,1 10), the human B-celi hybridoma technique (Kosbor et aL, 1983, Immunology 
Today 4. 72; Cole et aL, 1983, Proc. Natl. Acad, ScL USA 80, 2026-2030), and the EBV- 
hybrldoma technique (Cole ef a/., 1985, Monoclonal Antibodies And Cancer Therapy, Alan R. 
Liss, Inc., pp. 77-96). Such antibodies may be of any immunoglobulin class including IgG, 
IglVI, IgE. IgA, IgD and any subclass thereof. The hybridoma producing the mAb of this 

15 Invention may be cultivated In vitro or In vivo. Production of high titers of mAbs in vivo makes 
tills tiie presently preferred method of production. 

Additionally, recombinant antibodies, such as chimeric and humanized monoclonal 
antibodies, comprising both human and non-human portions, which can be made using 
standard recombinant DNA techniques, are witiiin tiie scope of the Invention. A chimeric 

20 antibody is a molecule in which different portions are derived from different animal species, 
such as tiiose having a variable region derived from a murine mAb and a human 
immunoglobulin constant region. (See, e.g., Cabiliy et al., U.S. Patent No. 4,816,567; and 
Boss et al., U,S. Patent No. 4,816397, which are incorporated herein by reference in tiieir 
entirety.) Humanized antibodies are antibody molecules from non-human species having one 

25 or more complementarily determining regions (CDRs) from the non-human species and a 
framework region from a human immunoglobulin molecule. (See, e.g.. Queen, U.S. Patent 
No. 5,585,089, which is incorporated herein by reference in its entirety.) Such chimeric and 
humanized monoclonal antibodies can be produced by recombinant DNA technkjues known in 
the art, for example using metiiods described in PCT Publication No. WO 87/02671; 

30 European Patent Application 1 84,1 87; European Patent Application 1 71 ,496; European Patent 
Application 173,494; PCT Publication No. WO 86/01533; U.S. Patent No^ 4.816,567; 
European Patent Application 125.023; Better et al. (1988) Science 240:1041-1043; Liu et al. 

(1987) Proc, Natl, Acad, Sci. USA 84:3439-3443; Liu et al. (1987) J, Immunol, 
139:3521-3526; Sun et al. (1987) Proc, Natl. Acad. Sci. USA 84:214-218; NIshlmura et al. 

35 (1987) Cane. Res, 47:999-1005; Wood et ai. (1985) Nature 314:446-449; and Shaw et al. 

(1988) J, Natl, Cancer Inst, 80:1553-1569); Morrison (1985) Science 229:1202-1207; Oi et ai. 
(1986) Bio/Techniques 4:214; U.S. Patent 5,225,539; Jones et al. (1986) Nature 321 :552-525; 
Verhoeyan et ai. (1988) Science 239:1534; and Beldier et al. (1988) J. Immunol, 
141:4053-4060. 
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Completely human antibodies are particulariy desirable for therapeutic treatment of 
human patients. Such antibodies can be produced, for example, using transgenic mice which 
are incapable of expressing endogenous immunoglobulin heavy and light chains genes, but 
which can express human heavy and light chain genes. The transgenic mice are Immunized 

5 in the normal fashion with a selected antigen, e.g., all or a portion of a polypeptide of the 
Invention. Monoclonal antibodies directed against the antigen can be obtained using 
conventional hybrldoma technology. The human Immunoglobulin transgenes harbored by the 
transgenic mice rearrange during B ceil differentiation, and subsequently undergo class 
switching and somatic mutation. Thus, using such a technique, it is possible to produce 

10 therapeutically useful IgG, IgA and IgE antibodies. For an overview of this technology for 
producing human antibodies^ see Lonberg and Huszar (1995, Int Rev. Immunol. 13:65-93). 
For a detailed discussion of this technology for producing human antibodies and human 
monoclonal antibodies and protocols for producing such antibodies, see, e.g., U.S. Patent 
5.625,126; U.S. Patent 5.633.425; U.S. Patent 5.569.825; U.S. Patent 5.661.016; and U.S. 

15 Patent 5,545,806. In addition, companies such as Abgenbc, Inc. (Fremont CA), can be 

engaged to provide human antibodies directed against a selected antigen using technology 
similar to that described above. 

Completely human antibodies which recognize a selected epitope can be generated 
using a technique refenred to as "guided selection." In this approach a selected non-human 

20 monoclonal antibody, e.g., a mouse antibody, is used to guide the selection of a completely 
human antibody recognizing the same epitope (Jespers et al. (1994) Bia/technology 
12:899-903). 

Alternatively, techniques described for the production of single chain antibodies (U.S. 
Patent 4.946,778; Bird, 1988, Science 242, 423-426; Huston, et al., 1988. Proc. Natl. Acad. 

25 Scl. USA 85, 5879-5883; and Ward, ef a/., 1989, Nature 334. 544-546) can be adapted to 
produce single chain antibodies against angiostatin gene products. Single chain antibodies 
are formed by linking the heavy and light chain fragments of the Fv region via an amino acid 
bridge, resulting in a single chain polypeptide. 

Antibody fragments that recognize specific epitopes may be generated by known 

30 techniques. For example, such fragments include, but are not limited to, the F(ab')2 

fragments, which can be produced by pepsin digestion of the antibody molecule and the Fab 
fragments, which can be generated by reducing the disulfide bridges of the F(ab*)2 fragments. 
Alternatively, Fab expression libraries maybe constmcted (Huse, etal., 1989, Science, 246, 
1275-1281) to allow rapid and easy identification of monoclonal Fab fragments with the 

35 desired specificity. 

Described herein are various applications of angiostatin gene sequences, angiostatin 
gene products. Including peptkie fifagments and fusion proteins thereof, and of antibodies 
directed against angiostatin gene products and peptide fragments thereof. Such applications 
include, for example, prognostic and diagnostic evaluation of an angiogenesis-related 

40 disorder, e.g.. cancer, and the Identlfteatlon of subjects with a predisposition to such disorders, 
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as described, below, in Section. Additionally, such applications Include methods for the 
Identification of compounds that modulate the expression of an anglostatin gene and/or the 
synthesis or activity of an anglostatin gene product, as described below, and for the treatment 
of an anglogenesls-related disorder, e.g. cancer, as described, below. 

5 In addition, anglostatin gene sequences and gene products. Including peptide 

firagments and fusion prdtelns ttiereof, and antibodies directed against anglostatin gene 
products and peptide fragments thereof, have applications for purposes independent of the 
role anglostatin may have in angiogenesis-reiated disorders, and processes. For example, 
anglostatin gene products, Including peptide fragments, as well as angiostatin-speclfic 

10 antibodies, can be used for construction of fusion proteins to ^cilitate recovery, detection, or 
localization of another protein of interest. In addition, anglostatin genes and gene products 
can be used for genetic mapping, i.e., refining the genetic map. For example, antibodies 
specific to anglostatin can be used as probes to detect expression of human anglostatin in - 
somatic cell hybrids containing human chromosomes, or portions of human chromosomes. 

IS Such anglostatin-specific antibodies can be used to Identify cells tiiat contain the anglostatin 
chromosomal region. This metiiod can be used, for example, to localize a gene or trait of 
interest to this region of the chromosome. 

Anglostatin gene sequences and gene products can be used for mapping and refining 
a chromosomal map. The anglostatin sequence can be used to develop new genetic markers 

20 to further refine chromosomal intervals that are associated with various angiogensis-related 
disorders, Including, but not limited to, cancer. As will be apparent to the sicilled artisan, 
nucleic acid sequences within a genetic inten/al associated with a disease can be scanned for 
new markers, such as microsateiiltes. Microsatellltes, also known as simple-sequence 
repeats (SSRs), are hypervariable tandem-sequence repeats consisting of dK tri-, or 

25 tetranucieotide repeats of 1-5 nucleotides. Such microsatellites make excellent genetic 
markers for linkage studies since tiiey are distributed ubiquitously tiiroughout the human 
genome, are highly variable In repeat length, and tend to be highly polymorphic. Relatively 
common microsatellltes (e.g., (CA)n dinucleotide repeats) occur approximately every 300-500 
kb. In addition to microsateiiite repeats, tiie region can be scanned for other types of 

30 polymorphic sites useful for fine mapping, such as minisateilites (9-64 nucleotide repeats), 
restriction fragment lengtii polymorphisms (RFLPs), and single nucleotide polymorphisms, 
which occur much less firequentiy. Once a polymorphic site Is identified In a new sequence, 
PGR primeirs that flank ttie polymorphic site can be synthesized and used to amplify tiie 
microsateiiite or other polymorphic site. The length of the repeat can then determined by 

35 resolving the PGR product on a poiyacrylamide sequencing gel. Genomic DNA from human 
populations can ttien be analyzed for the simple-sequence lengtii polymorphisms (SSLPs) to 
determine tiie frequency and variability of the repeat. Once a high quality SSU' is found, 
linkage analysis can be performed on an affected population to detemiine whether an 
angiogenesis-reiated disorder, such as cancer, is linked to the new marker. Otiier techniques, 

40 such as Southern blot hybridization and llgase-chain reaction (LGR), can be used in addition 
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to, or in conjunction with. PCR-based methods to analyze polymorphisms In genomic 
populations (see, Cunrent Protocols in Human Genetics. Dracopoli et al. (eds.) John Wiley & 
Sons, 1998). 

In another embodiment, an anglostatin gene, protein or a fragment or domain thereof. 

5 can be used for construction of fusion proteins. Finally, angiostalln nucleic acids and gene 
products have generic uses, such as supplemental sources of nucleic acids, proteins and 
amino acids for food additives or cosmetic products. 

Portions or fragments of the cDNA sequences Identified herein (and the 
corresponding complete gene sequences) can be used In numerous ways as polynucleotide 

10 reagents. For example, these sequences can be used to: (i) screen for anglostatin 

gene-speclfic mutations or polymorphisms, (II) map their respective genes on a chromosome 
and, thus, locate gene regions associated with genetic disease; (iii) Identify an Individual 
organism from a minute biological sample (tissue typing); and (Iv) aid In forensic identification 
of a biological sample. These applications are described in the subsections below. 

15 A variety of methods can be employed to screen for the presence of anglostatin 

gene^peciflc mutations or polymorphisms (Including polymorphisms flanking an anglostatin 
gene, e.g., ones that cosegregate with a particular anglostatin allele) and to detect and/or 
assay levels of anglostatin nucleic acid sequences. 

Mutations or polymorphisms within or flanking the anglostatin gene can be detected 

20 by utilizing a number of techniques. Nucleic acid from any nucleated cell, or any cell that 
expresses the anglostatin gene of Interest, can be used as the starting point for such assay 
techniques, and may be isolated according to standard nucleic acid preparation procedures 
that are well known to those of skill In the art. 

Anglostatin nucleic acid sequences may be used in hybridization or amplification 

25 assays of biological samples to detect abnomialities involving anglostatin gene structure, 

including point mutations, insertions, deletions. Inversions, translocations and chromosomal 
rearrangements. Such assays may include, but are not limited to, Southern analyses, 
single-stranded conformational polymorphism analyses (SSCP), and PGR analyses. 
Diagnostic methods for the detection of anglostatin gene-speclfto mutations or 

30 polymorphisms can Involve, for example, contacting and Incubating nucleic acids obtained 
from a sample, e.g., derived from a patient sample or other appropriate cellular source with 
one or more labeled nucleic acid reagents including recombinant DNA molecules, cloned 
' genes or degenerate variants thereof, such as described, above, under conditions fevorabie 
for the specific annealing of these reagents to their complementary sequences within or 

35 flanking the anglostatin gene. The diagnostic methods of the present Invention further 
encompass contacting and incubating nucleic acids for the detection of single nucleotide 
mutations or polymorphisms of the anglostatin gene. Preferably, these nucleic acid reagent 
sequences within the anglostatin gene, or chromosome nucleotide sequences flanking Uie 
anglostatin gene are 15 to 30 nucleotides in lengUi. 
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After Incubation, all non-anneated nucleic acids are removed from the nucleic 
acldiangiostatin molecule hybrid. The presence of nucleic adds that have hybridized, if any 
such molecules exist, is then detected. Using such a detection scheme, the nucleic acid from 
the cell type or tissue of Interest can be immobilized, for example, to a solid support such as a 

5 membrane, or a plastic surface such as that on a microtiter plate or polystyrene beads, in tills 
case, after incubation, non-annealed, labeled nucleic add reagents of the type described 
above, are easily removed. Detection of the remaining, annealed, labeled angiostatin nudeic 
acid reagents is accomplished using standard techniques well-known to those in the art. The 
angiostatin gene sequences to which the nudeic acid reagents have annealed can be 

10 compared to the annealing pattern expected firom a normal angiostatin gene sequence in 
order to determine whether an angiostatin gene mutation Is present. 

In a prefen-ed embodiment, angiostatin mutations or polymorphisms can be detected 
by using a microassay of angiostatin nucleic acid sequences immobilized to a substrate or 
"gene chip" (see. e.g. Cronin et ai, 1996, Human Mutatbn 7:244-255). 

15 Alternative diagnostic methods for the detection of angiostatin gene-spedfic nudeic 

add molecules (or angiostatin flanking sequences), in patient samples or other appropriate 
cell sources, may involve their amplification, e.g., by PGR (tiie experimental embodiment set 
forth In Mullis, 1987, U.S. Patent No. 4,683,202), followed by the analysis of the amplified 
molecules using techniques well known to those of skill in tiie art, such as, for example, those 

20 listed above. The resulting amplified sequences can be compared to those that would be 
expected if the nudeic acid being amplified contained only normal copies of the angiostatin 
gene In order to deterniirie whether an angiostatin gene mutation or polymorphism in linkage 
disequilibrium with a disease-causing angiostatin allele exists. 

Additionally, well-known genotyping techniques can be performed to identify Individual 

25 organisms canying angiostatin gene mutations. Such techniques include, for example, the 

use of restriction fragment length polymorphisriis (RFLPs). which involve sequence variations 
In one of the recognition sites for the specificrestriction enzyme used. 

Further, Improved methods for analyzing DNA polymorphisms, which can be utilized 
for tiie Identification of angiostatin gene-specific mutations, have been described that 

30 capitalize on the presence of variable numbers of short, tandemly repeated DNA sequences 
between tiie restriction enzyme sites. For example. Weber (U.S. Pat. No. 5,075,217) 
describes a DNA marker based on length polymorphisms In blocks of (dC-dA)n-(dG-dr)n 
short tandem repeats. The average separation of (dC-dA)n-(dG-dT)n blocks is estimated to 
be 30,000-60,000 bp. Markers tinat are so dosely spaced exhibit a high frequency 

35 co-inheritance, and are extremely useful in ihe identification of genetic mutations, such as, for 
example, mutations within the angiostatin gene, and the diagnosis of diseases and disorders 
related to angiostatin mutations. 

Also, Caskey etaL (U.S. Pat.No. 5,364,759) describe a DNA profiling assay for 
detecting short tri and tetra nudeotide repeat sequences. The process indudes extracting the 
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DMA of interest, such as the angiostatin gene, amplifying the extracted DNA, and labeling the 
repeat sequences to form a genotypic map of the Individual organism's DMA. 

Other methods well known in the art may be used to Identify single nucleotide 
polymorphisms (SNPs). including bialteiic SNPs or biallelic markers which have two alleles, 

5 both of which are present at a fairiy high frequency in a population. Conventional techniques 
for detecting SNPs Include, e.g., convehtionai dot blot analysis, SSCP analysis (see, e.g., 
Orita et qL, 1989, Proc. Natl. Acad. Sci. USA 56:2766-2770), denaturing gradient gel 
electrophoresis (DGGE), heteroduplex analysis, mismatch cleavage detection, and other 
routine techniques welt known in the art (see, e.g., Sheffield etaL, 1989, Proc. Natl. Acad. ScL 

10 86:5855-6892; Grompe, 1993, Nature Gerwtics 6:1 11-117). Alternative, preferred methods of 
detecting and mapping SNPs Invoh^e microsequencing techniques wherein an SNP site in a 
target DNA is detecting by a single nucleotide primer extension reaction (see, e.g., Goelet et 
aL, PCT Publication No. W092/15712; Mundy, U.S. Patent No. 4,656,127; Vary and Diamond, 
U.S. Patent No. 4.851,331; Cohen etai, PCT Publication No. WO91/02087; Chee etaL, PCT. 

IS Publication No. W096/11995; Landegren ef a/., 1988. Sc/enca 241:1077-1080; Nioerson et 
aL, 1990, Proc. NaU. Acad. ScL USA. 87:8923-8927; Pastlnen ef a/.,1997, Genome Res. 
7:606-614; Pastlnen et a!., 1996, Clin. Chem. 42:1391-1397; Jalanko ef a/., 1992, Clin. Chem. 
38:39-43; Shumaker etaL, 1996. Hum. Mutation 7:346-354; Caskey etal., PCT Publication 
No. WO 95/00669). 

20 The level of angiostatin expression also can be determined by first assaying for the 

level of gene expression. For example, RNA from a cell type or tissue known, or suspected, 
to express the angiostatin gene, such as liver, may be Isolated and tested utilizing 
hybridization or PGR techniques such as are described, above. The Isolated cells can be 
derived from cell culture or from a subject. The analysis of cells taken from culture may be a 

25 necessary step In the assessment of cells to be used as part of a cell-based gene therapy 

technique or, alternatively, to test the effect of compounds on the expression of the angiostatin 
gene. Such analyses may reveal both quantitative and qualitative aspects of the expression 
pattern of the angiostatin gene. Including activatton or Inactivatlon of angiostatin gene 
expression. 

30 in one embodiment of such a detection scheme, a cDNA molecule is synthesized 

from an RNA molecule of Interest (e.g., by reverse transcription of the RNA molecule Into 
cDNA). A sequence within the cDNA is then used as the template for a nucleic acid 
amplification reaction, such as a PCR ampliftoatlon reaction, or the like. The nucleic acid 
reagents used as synthesis initiation reagents (e.g.. primers) In the reverse transcription and 

35 nucleic acid amplification steps of this method are chosen from among the angiostatin gene 
nucleic acid reagents described above. The prefen'ed lengths of such nucleic acid reagents 
are at least 9-30 nucleotides. For detection of the ampPified product, the nucleic acid 
amplification may be performed using radioactlvely or non-radioactlvely labeled nucleotides. 
Alternatively, enough amplified product may be made such that the product may be visualized 
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by standard ethidium bromide staining or by utiiizing any other suitable nucleic acid staining 
metliod. 

Additionally, it is possible to perform such angiostatin gene expression assays in situ, 
i.e., directly upon tissue sections (fixed and/or frozen) of subject tissue obtained from biopsies 
S or resections, such that no nudeic acid purification is necessary. Nucleic acid reagents such 
as those described above, may be used as probes and/or primers for such in situ procedures 
(see, for example, Nuovo, G.J., 1992, TCR In Situ Hybrtdlzation: Protocols And 
Applications", Raven Press, NY). 

Alternatively, If a sufficient quantity of the appropriate cells can be obtained, standard 
10 Northern analysis can be performed to determine the level of mRNA expression of the 
angiostatin gene. . 

Once the sequence (or a portion of the sequence) of a gene has been isolated, this 
sequence can be used to map the location of the gene on a chromosome. Accordingly, 
nucleic acid molecules described herein, or fragments thereof, can be used to map the 
15 location of the conresponding genes on a chromosome. The mapping of the sequences to 

chromosomes is an Important first step In conflating these sequences genes associated 
with disease. 

Briefly, genes can be mapped to chromosomes by preparing PGR primers (preferably 
1 5-25 bp In length) from the sequence of a gene of the invention. Computer analysis of the 

20 sequence of a gene of the invention can be used to rapidly select primers that do not span 
more than one exon in the genomic DNA, thus simplifying the amplification process. These 
primers can then be used for PGR screening of somatic cell hybrids containing individual 
human chromosomes. Only those hybrids containing the human gene conresponding to the 
gene sequences will yield an amplified fragment. For a review of this technique, see 

25 D'EustachIo et al. (1 983, Science, 220:91 9-924). 

PGR mapping of somatic cell hybrids Is a rapid procedure for assigning a particular 
sequence to a particular chromosome. Three or more sequences can be assigned per day 
using a single thermal cycler. Using the nudeic acid sequences of the invention to design 
oligonucleotide primers, sublocalization can be achieved with panels of fragments from 

30 specific chromosomes. Other mapping strategies which can similarly be used to map a gene 
to Its chromosome include in sttu hybridization (described in Fan et al., 1990, Proc. Natl. Acad. 
Sci. USA 87:6223-27), pre-screening with labeled flow^orted chromosomes (Popp S, et al., 
1993, Hum Genet., 92(6):527-32) and pre-selection by hybridization to chromosome specific 
cDNA libraries. Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase 

35 chromosomal spread can further be used to provide a precise chromosomal location in one 
step. (For a review of this technique, see Verma et al., Human Chromosomes: A Manual of 
Basic Techniques, Pergamon Press, New Yori«, 1988.) 

Reagents for chromosome mapping can be used individually to mark a single 
chromosome or a single site on that chromosome, or panels of reagents can be used for 

40 marking multiple sites and/or multiple chromosomes. Reagents corresponding to noncoding 
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regions of the genes actually are preferred for mapping purposes. Coding sequences are 
more tilcely to be conserved within gene families, thus Increasing the chance of cross 
hybridizations during chromosomal mapping. 

Once a sequence has been mapped to a precise chromosomal location, the physical 

5 position of the sequence on the chromosome can be correlated with genetic map data. (Such 
data are found, for example, in V. McKusicIc, Mendeiian Inheritance In Man. available on-line 
through Johns Hopl<lns University Welch Medical Library). The relationship between genes 
and disease, mapped to the same chromosomal region, can then be identified through linl<age 
analysis (co-inheritance of physically adjacent genes), described In, e.g., Egeiand et al. (1987, 

10 A/afc/re 325:783-787). 

Moreover, differences in the DMA sequences between Individual organisms affected 
and unaffected with a disease associated with a gene of the invention can be determined. If a 
mutation is observed in some or all of the affected individual organisms but not in any 
unaffected Individual organisms, then the mutation Is likely to be the causative agent of the 

IS particular disease. Comparison of affected and unaffected Individual organisms generally 
involves first looking for structural alterations in the chromosomes such as deletions or 
translocations that are visible from chromosome spreads or detectable using PGR based on 
that DNA sequence. Ultimately, complete sequencing of genes from several Individual 
organisms can be performed to confirm the presence of a mutation and to distinguish 

20 mutations from polymorphisms. 

The nucleic acid sequences of the present Invention also can be used to identify 
Individual organisms from minute biological samples. The United States military, for example, 
is considering the use of restriction fragment length polymorphism (RFLP) for Went'rfication of 
its personnel. In this technique, an Individual organism's genomic DNA Is digested with one or 

25 more restriction enzymes, and probed on a Southern blot to yield unique bands for 

identification. This method does not suffer from the cun-ent limitations of "Dog Tags" which 
can be lost, switched, or stolen, making positive Identification difficult The sequences of the 
present Invention are useful as additional DNA markers for RFLP (described in U.S. Patent 
5,272.057). 

30 Furthermore, the sequences of the present invention can be used to provide an 

alternative technique which determines the actual base-by-base DNA sequence of selected 
portions of an individual organism's genome. Thus, the nucleic acid sequences described 
herein can be used to prepare two PGR primers from the 5' and 3' ends of the sequences. 
These primers can then be used to amplify an Individual organism's DNA and subsequently 

35 sequence it. 

Panels of corresponding DNA sequences from Individual organisms, prepared In this 
manner, can provide unique indlvkiuat identifications, as each individual organism will have a 
unique set of such DNA sequences due to allelic differences. The sequences of the present 
invention can be used to obtain such identification sequences from individual organisms and 
40 from tissue. The nucleic acid sequences of the Invention uniquely represent portions of the 
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human genome. Allelic variation occurs to some degree in the coding regions of these 
sequences, and to a greater degree In the nonooding regions. It Is estimated that allelic 
variation between Individual humans occurs with a frequency of about once per each 500 
bases. Each of the sequences described herein can, to some degree, be used as a standard 

5 against which DNA from an Individual organism can be compared for Identification purposes. 
Because greater numbers of polymorphisms occur In the noncoding regions, fewer sequences 
are necessary to differentiate Individuals. 

If a panel of reagents from the nucleic acid sequences described herein Is used to 
generate a unique identification database for an individual, those same reagents can later be 

10 used to Identify tissue from that Individual. Using the unique Identification database, positive 
Identification of ttie individual organism, living or dead, can be made firom extremely small 
tissue samples. 

■ DMA-based Identification techniques can also be used in forensic biology. Forensic 
biology is a scientific field employing genetic typing of biological evidence found at a crime 

15 scene as a means for positively identi^ng, for example, a perpetrator of a crime. To make 
such an identification, PGR technology can be used to amplify DNA sequences taken from 
very small biological samples such as tissues, e.g.. hair or skin, or body fluids, e.g., blood, 
saliva, or semen found at a crime scene. The amplified sequence can ttien be.compared to a 
standard, thereby allowing identification of the origin of the biological sample. 

20 The sequences of the present invention can be used to provide polynucleotide 

reagents, e.g., PGR primers, targeted to specific loci in the human genome, which can 
enhance tiie reliability of DMA-based forensic Identifications by, for example, providing anotfier 
"identification mariter" (/.e.. anottier DNA sequence that Is unique to a particular Individual 
organism). As mentioned above, actual base sequence Information can be used for 

25 identification as an accurate alternative to patterns fonmed by restriction enzyme generated 
fragments. Sequences targeted to noncoding regions are particularly appropriate for tills use 
as greater numbers of polymorphisms occur in tiie noncoding regions, making It easier to 
differentiate Individual organisms using this technique. Examples of polynucleotide reagents 
include the nucleic acid sequences of the Invention or portions thereof, e.g., fragments derived 

30 from noncoding regions having a length of at least 20 or 30 bases. 

The nucleic acid sequences described herein can furttier be used to provide 
polynucleotide reagents, e.g., labeled or labeiable probes which can be used In, for example, 
an in situ hybridization technique, to Identify a specific tissue, e.g., liver tissue. This can be 
very useful in cases where a forensic pathologist is presented with a tissue of unknown origin. 

35 Panels of such probes can be used to identify tissue by species and/or by organ type. 

Antibodies directed against unimpaired or mutant anglostatin gene products or 
conserved variants or peptide fragments tiiereof, which are discussed, above, may also be 
used as diagnostics and prognostics for an angiogenesis-related disorder, e.g., cancer, as 
described herein. Such metiiods may be used to detect abnormalities in the level of 

40 anglostatin gene product synthesis or expression, or abnonnarities In tiie structure, temporal 



wo 2004/108916 



PCT/IB2004/001802 



expression, and/or physical location of anglostatin gene product. The antibodies and 
immunoassay methods descrit}ed be\ow have, for example, important in vHro applications in 
purifying angiostatin gene products and in assessing the efficacy of treatments for 
angiogenesis-related disorders, e.g., cancer. Antibodies, or fragments of antibodies, such as 

5 those described below, may be used to screen potentially therapeutic compounds in vitro to 
determine their effects on anglostatin gene expression and angiostatin peptide production. 
The compounds that have beneficial effects on an angiogenesis-related disorder, e.g., cancer, 
can be identified, and a therapeutically effective dose determined. 

in vitro immunoassays may also be used, for example, to assess the efficacy of cell- 

10 based gene therapy for an ahglogenesis-related disorder, e.g., cancer. Antibodies directed 
against angiostatin peptides may be used in vitro to determine, for example, the level of 
angiostatin gene expression achieved in cells genetically engineered to produce angiostatin 
peptides. In the case of intracellular angiostatin gene products, such an assessment is done, 
preferably, using cell lysates or extracts. Such analysis allows for a detenninatlon of the 

IS number of transformed cells necessary to achieve therapeutic efficacy in vivo, as well as 
optimization of the gene replacement protocol. 

The tissue or cell type to be analyzed wiii generally include those that are l^nown, or 
suspected, to express the angiostatin gene. The protein isolation methods employed herein 
may, for example, be such as those described in Harlow and Lane (1988, 'AnUiiodies: A 

20 L^t)oratory Manuai", Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York). 
The isolated ceils can be derived from cell culture or from a subject. The analysis of cells 
talcen from culture may be a necessary step in the assessment of cells to be used as part of a 
cell-based gene therapy technique or, alternatively, to test the effect of compounds on the 
expression of the angiostatin gene. 

25 Preferred diagnostic methods for the detection of angiostatin gene products or 

conserved variants or peptide fragments thereof, may involve, for example, immunoassays 
wherein the angiostatin gene products or conserved variants or peptide fragments are 
detected by their interaction with an anti-angiostatin gene product-specific antibody. 

For example, antibodies, or fragments of antibodies, such as those described, above, 

30 useful In the present invention may be used to quantitatively or qualitatively detect the 

presence of angiostatin gene products or conserved variants or peptide fragments thereof. 
This can be accomplished, for example, by immunofluorescence techniques employing a 
fluorescentiy labeled antibody (see below, this section) coupled with light microscopic, flow 
cytometric, or fiuorimetric detection. Such techniques are especially preferred for angiostatin 

35 gene products that are expressed on the cell surface. 

The antibodies (or fragments thereoO useful In the present invention may, additionally, 
be employed histologicaily, as in Immunofluorescence or immunoelectron microscopy, for in 
situ detection of angiostatin gene products or conserved variants or peptide fragments thereof. 
in situ detection may be accomplished by removing a histological specimen from a subject, 

40 and applying thereto a labeled antibody of the present Invention. The antibody (or fragment) is 
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preferably applied by overlaying the labeled antibody (or fragment) onto a biological sample. 
Thirough the use of such a procedure, it is possible to detenmlne not only the presence of the 
angiostatin gene product, or conserved variants or peptide fragments, but also its distribution 
in the examined tissue. Using the present Invention, those of ordinary skill will readily perceive 

5 that any of a wide variety of histological methods (such as staining procedures) can be 
modified in order to achieve such In sHu detection. 

Immunoassays for angiostatin gene products or conserved variants or peptide 
fragments thereof will typically comprise Incubating a sample, such as a biological fluid, a 
tissue extract, freshly harvested cells, or tysates of cells, that have been incubated in ceil 

10 culture, in the presence of a detectably labeled antibody capable of Identifying angiostatin 
gene products or conserved variants or peptide fragments thereof, and detecting the bound 
antibody by any of a number of techniques well Icnown In the art. 

The biological sample may be brought In contact with and immobilized onto a solid 
phase support or canler such as nitrocellulose, or other solid support that is capable of 

15 Immobilizing cells, cell particles or soluble proteins. The support may then be washed with 
suitable buffers followed by treatment with the detectably labeled angiostatin gene specific 
antibody. The solid phase support may then be washed with the buffer a second time to 
remove unbound antibody. The amount of bound label on solid support may tfien be detected 
by conventional means. 

20 By "solid phase support or can-ier" is intended any support capable of binding an 

antigen or an antibody. Well-known supports or earners include glass, polystyrene, 
polypropylene, polyethylene, dextran, nylon, amylases, natural and modified celluloses, 
polyacrylamides, gabbros, and magnetite. The nature of tiie can-ier can be eithersolubie to 
some extent or insoluble for the purposes of the present Invention. The support material may 

25 have virtually any possible structural configuration so long as the coupled molecule Is capable 
of binding to an antigen or antibody. Thus, the support configuration may be spherical, as in a 
bead, or cylindrical, as In the Inside surface of a test tube, or the external surface of a rod. 
Alternatively, the surface may be flat such as a sheet, test strip, etc. Preferred supports 
include polystyrene beads. Those skilled in the art will know many other suitable earners for 

30 binding antibody or antigen, or will be able to ascertain the same by use of routine 
experimentation. 

The binding activity of a given lot of antl-anglostatin gene product antibody may be 
detenmined according to well known methods. Those skilled in the art will be able to 
determine operative and optimal assay conditions for each determination by employing routine 
35 experimentation. 

One of the ways In which the angiostatin gene peptlde-speclfic antibody can be 
detectably labeled is by linking tiie same to an enzyme and use In an enzyme Immunoassay 
(EIA) (Voller, A., The Enzyme Linked Immunosorbent Assay (ELISAy, 1978, Diagnostic 
Horizons 2, 1-7, Microbiological Associates Quarteriy Publication, Walkersvllle, MD); Voller, A. 
40 0t aL, 1 978, J. Oln, Pathd, 31 , 507-520; Butler. J.E.. 1 981 . Meth. Enzymd, 73. 482-523; 
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Maggio, E. (ed.). 1980, Enzyme Immunoassay, CRC Press, Boca Raton, FL; Ishikawa, E. 
a/., (eds.). 1981, Enzyme Immunoassay, Kgaku Sholn, Tokyo). The enzyme which Is bound to 
* the antibody will react with an appropriate substrate, preferably a chromogenic substrate, in 
such a manner as to produce a chemical moiety that can be detected, for example, by 

5 spectrophotometric. fluorimetric or by visual means. Enzymes that can be used to detectably 
label the antibody include, but are not limited to, maiate dehydrogenase, staphyloooccal 
nuclease, delta-5-steroid Isomerase, yeast alcohol dehydrogenase, a-glycerophosphate, 
dehydrogenase, trlose phosphate isomerase. horseradish peroxidase, alkaline phosphatase, 
asparaginase, glucose oxidase, p-galactosidase, ribonuciease, urease, catalase, glucose-6~ 

10 phosphate dehydrogenase, gluooamylase and acetylcholinesterase. The detection can be 
accomplished by colorimetric methods that employ a chromogenic substrate for the enzyme. 
Detection may also be accomplished by visual comparison of the extent of enzymatic reaction 
of a substrate in comparison with simiiaHy prepared standards. 

Detection also may be accomplished using any of a variety of other immunoassays. 

15 For example^ by radloacUvely labeling the antibodies or antibody fragments, it is possible to 
detect angiostatin gene peptides through the use of a radioimmunoassay (RIA) (see, for 
example, Weintraub. B., Principles of Radioimmunoassays, Seventh Training Course on 
Radioligand Assay Techniques, The Endocrine Society, March, 1986). The radioactive 
isotope can be detected by such means as the use of a gamma counter or a scintillation 

20 counter or by autoradiography. 

. It Is also possible to label the antibody with a fluorescent compound. When the 
fluorescently labeled antibody is exposed to light of the proper wave length, its presence can 
then be detected due to fluorescence. Among the most commonly used fluorescent labeling 
compounds are fluorescein isothlocyanate, rhodamlne, phycoerythrin. phycocyanin, 

25 allophycocyanin, o-phthaldehyde and fluorescamine. 

The antibody can also be detectably labeled using fluorescence emitting metals such 
as ^^^Eu, or others of the ianthanide series. These metals can be attached to the antibody 
using such metal chelating groups as diethylenetriamlnepentacetlcacid (DTPA) or 
ethylenediaminetetraacetic acid (EDTA). 

30 The antibody also can be detectably labeled by coupling it to a chemlluminescent 

compound. The presence of the chemiluminescent-tagged antibody is then determined by 
detecting the presence of luminescence that arises during the course of a chemical reaction. 
Examples of particularly useful chemiluminescent labeling compounds are lumlnd, isolumlnoi, 
theromatic acridihium ester, imidazole, acrldinium salt and oxalate ester. 

35 Likewise, a bioluminescent compound may be used to label the antibody of the 

present lnventk>n. Blolumlnescence is a type of chemilumlnescence found in biological 
systems in whtoh a catalytic protein increases the efficiency of the chemiluminescent reaction. 
The presence of a bioluminescent protein Is determined by detecting the presence of 
luminescence. Important bioluminescent compounds for purposes of labeling are luciferin, 

40 luciferase and aequorin. 
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The following assays are designed to identify compounds that bind to an angiostatin 
gene product, proteins, e.g., intraceiiular proteins or portions of proteins that interact with an 
angiostatin gene product, compounds that interfere with the interaction of an angiostatin gene 
product with intracellular proteins and compounds that modulate the activity of an angiostatin 

S gene (/.e., modulate the level of angiostatin gene expression and/or modulate the level of 

angiostatin gene product activity). Assays may additionally be utilized that identify compounds 
that bind to angiostatin gene regulatory sequences (e.g., promoter sequences; see e.g., Piatt. 
1994, J. BioL Chem. 269, 28558-28562), and tiiat may modulate the level of angiostatin gene 
expression. Compounds may include, but are not limited to, small organic molecules, such as 

10 ones that are able to cross the blood-brain barrier, gain entry into an appropriate ceil and 
affect expression of the angiostatin gene or some other gene involved in an angiostatin 
regulatory pathway, or Intracellular proteins. 

IVIethods for the identification of such intracellular proteins are described, below. Such 
intracellular proteins may be involved in the control and/or regulation of mood. Further, 

15 among these compounds are compounds that affect the level of angiostatin gene expression 
and/or angiostatin gene product activity and that can be used in the therapeutic treatment of 
angiostatin disorders, e.g., cancer, as described, below. 

Compounds may include, but are not limited to, peptides such as. for example, 
soluble peptides, including, but not limited to, Ig-taiied fusion peptides, and members of 

20 random peptide libraries; (see, e.g., Lam, etaL, 1991, Nature 354, 82-84; Houghten. etaL, 
1991, Nature 354, 84-86), and combinatorial chemistry-derived molecular lil)rary made of D- 
and/or L- configuration amino acids, phosphopeptides (including, but not limited to members 
of random or partially degenerate, directisd phosphopeptide libraries; see, e.g., Songyang, et 
a/., 1993, Cell 72, 767-778), antibodies (including, but not limited to, polyclonal, monoclonal, 

25 human, humanized, antl-idiotypic, chimeric or single chain antibodies, and FAb, F(ab')2 and 
FAb expression library fragments, and epitope-binding fragments thereof), and small organic 
or inorganic molecules. 

Such compounds may also include drugs or members of classes or families of drugs, 
known to ameliorate or exacerbate the symptoms of an angiogenesis-related disorder. Such 

30 compounds include, but are not limited to, angiogenesis inhibitors: metalloproleinase 

inhibitors, FGF and VEGF receptor inhibitors, COX-2 inhibitors, INF, IL-12, Taxol, vinblastine, 
thalidomide, etc. Preferably such compounds are utilized in a manner (e.g., different dosage, 
mode of administration, and/or co-administration with one or more additional compounds) that 
differs from the manner in which such compounds have been administered previously. 

35 Compounds identified via assays such as those described herein may be useful, for 

example, in elaborating the biological function of the angiostatin gene product, and for 
ameliorating angiogenesis-related disorders, e.g., cancer. For example, compounds Identified 
via such techniques can provide lead compounds to be tested for an ability to modulate an 
angiostatin-mediated process and/or to ameliorate symptoms of a angiogenesis-related 
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disorder. Assays for testing the effectiveness of compounds, identified by. for example, 
. techniques such as those described above, are discussed, below. 

In vitro systems may be designed to identify compounds that bind angiostatln gene 
products of the invention, such as, for example, angiostatln polypeptides. Compounds 

5 identified may be useful, for example, in modulating the activity of unimpaired and/or mutant 
angiostatln gene products, may be useful in elucidating the biological function of the 
angiostatln gene product, may be utilized in screens for Identifying compounds that disrupt 
normal angiostatln gene product interactions, or may in themselves disrupt such interactions, 
and can provide lead compounds to be further tested for an ability to modulate an angiostatin- 

10 mediated process and/or to ameliorate symptoms of an anglogenesls-related disorder. 

The principle of the assays used to Identify compounds that bind to angiostatin gene 
products Involves preparing a reaction mixture of the angiostatin gene product and the test 
compound under conditions and for a time sufficient to allow the two components to interact 
and bind, thus forming a complex that can be removed and/or detected in the reaction 

15 mbcture. These assays can be conducted in a variety of ways. For example, one rnethod to 
conduct such an assay would involve anchoring an angiostatin gene product or the test 
substance onto a solid phase and detecting angiostatin gene product/test compound 
complexes anchored on the solid phase at the end of the reaction. In bne embodiment of 
such a method, the angiostatln gene product may be anchored onto a solid surface, and the 

20 test compound, which is not anchored, may be labeled, either directly or Indirectly. 

In practice, microtlter plates may conveniently be utilized as the solid phase. The 
anchored component may be Immobilized by non-covalent or covalent attachments. Non- 
covalent attachment may be accomplished by simply coating the solid surface with a solution 
of the protein and drying. Alternatively, an Immobilized antibody, preferably a monoclonal 

25 antibody, specific for the protein to be immobilized may be used to anchor the protein to the 
solid surface. The surfaces may be prepared in advance and stored. 

In order to conduct the assay, the non-immobilized component is added to the coated 
surface containing the anchored component. After the reaction Is complete, unreacted 
components are removed (e.g., by washing) under conditions such that any complexes 

30 formed will remain immobilized on the solid surface. The detection of complexes anchored on 
the solid surface can be accomplished in a number of ways. Where the previously non- 
Immobilized component is pre-Iabeled, the detection of label Immobilized on the surface 
Indicates that complexes were formed. Where the previously non-Immobilized component is 
not pre-iabeled. an indirect label can be used to detect complexes anchored on the surface; 

35 e.g.. using a labeled antibody specific for the previously non-Immobilized component (the 

antibody, in turn, may be directly labeled or indirectly labeled with a labeled anti-lg antibody). 

Alternatively, a reaction can be conducted in a liquid phase, the reaction products 
separated from unreacted components, and complexes detected; e.g., using an Immobilized 
antibody specific for angiostatln gene product or the test compound to anchor any complexes 
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formed in solution, and a labeled antibody specific for the other component of the possible 
complex to detect anchored complexes. 

Any method suitable for detecting protein-protein interactions may be employed for 
identifying angiostatin protein-protein interactions. 
5 Among the traditional methods that may be employed are co-immunoprecipitation. 

cross-linking and co-purification through gradients or chromatographic columns. Utilizing 
procedures such as these allows for the identification of proteins, Including Intracellular 
proteins, that Interact with angiostatin gene products. Once Isolated, such a protein can be 
identified and can be used in conjunction with standard techniques, to identify proteins it 

10 interacts with. For example, at feast a portion of the amino acid sequence of a protein that 

Interacts with the angiostatin gene product can be ascertained using techniques well l^nown tq 
those of skill in the art, such as via the Edman degradation technique (see, e.g., Creighton, 
1983, "Proteins: Structures and Molecular Principles," yNM. Freeman & Co., N.Y., pp.34-49). 
The amino acid sequence obtained may be used as a guide for the generation of 

15 oligonucleotide mixtures that can be used to screen for gene sequences encoding such 

proteins. Screening made be accomplished, for example, by standard hybridization or PGR 
techniques. Techniques for the generation of oligonucleotide mixtures and the screening are 
well known. (See, e.g., Ausubel. supra, and 1990, "PCR Protocols: A Guide to Methods and 
Applications, " Ms, et aA, eds. Academic Press, inc., New York). 

20 Additionally, methods may be employed that result In the simultaneous identification of 

genes that encode a protein which Interacts with an angiostatin protein. These methods 
include, for example, probing expression libraries with labeled angiostatin protein, using 
angiostatin protein in a manner similar to the well known technique of antibody probing of 
Xgt11 libraries. 

25 One method that detects protein interactions in vivo, the two-hybrid system, is 

described in detail for illustration only and not by way of limitation. One version of this system 
has been described (Chlen, et ai, 1991, Proc. Natl. Acad, Scl. USA, 22:9578-9582) and is 
commercially available from Clontech (Palo Alto. CA). 

Briefly, utilizing such a system, plasmids are constructed that encode two hybrid 

30 proteins: one consists of the DNA-binding domain of a transcription activator protein fused to 
the angiostatin gene product and the other consists of the transcription activator protein's 
activation domain fused to an unknown protein that Is encoded by a cDNA that has been 
reoomblned Into this plasmid as part of a cDNA library. The DIsiA-blnding domain fusion 
plasm id and the cDNA library are transformed Into a strain of the yeast Saccharomyces 

35 cerevisiae that contains a reporter gene (e.g., HBS or /acZ) whose regulatory region contains 
the transcription activator's binding site. Either hybrid protein aione cannot activate 
transcriptton of the reporter gene: the DNA-binding domain hybrid cannot because It does not 
provide activation function and the activation domain hybrid cannot because it cannot localize 
to the activator's binding sites. Interaction of the two hybrid proteins reconstitutes the 
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functional activator protein and resuits in expression of the reporter gene, wliich is detected by 
an assay for the reporter gene product. 

The two-hybrid system or related methodology may be used to screen activation 
domain libraries for proteins that interact with the "bait" gene product. Byway of example, and 
5 not by way of limitation, angiostatin gene products may be used as the bait gene product. 

Total genomic or cDNA sequences are fused to the DNA encoding an activation domain. This 
library and a plasmid encoding a hybrid of a bait angiostatin gene product fused to the DNA- 
binding domain are co-transfonned into a yeast reporter strain, and the resulting 
transformants are screened for those that express the reporter gene. For example, and not • 

10 by way of limitation, a bait angiostatin gene sequence, such as the open reading frame of the 
angiostatin gene, can be cloned into a vector such that It Is translationally fused to the DNA 
encoding the DNA-binding domain of the GAL4 protein. These colonies are purified and the 
library piasmids responsible for reporter gene expression are isolated. DNA sequencing is 
then used to identify the proteins encoded by the library piasmids. 

IS A cDNA library of the cell line from which proteins that interact with the bait angiostatin 

gene product can be made using methods routinely practiced in the art. According to the 
particular system described herein, for example, tiie cDNA fragments can be Inserted into a 
vector such that they are translationally fused to the transcriptional activation domain of GAL4. 
This library can be oo-transfbrmed along with tiie bait angiostatin gene-6AL4 fusion plasmid 

20 into a yeast strain that contains a lacZ gene driven by a promoter that contains GAL4 
activation sequence. A cDNA encoded protein, fused to GAL4 transcriptional activation 
domain, that interacts with bait angiostatin gene product will reconstitute an active GAL4 
protein and thereby drive expression of the HIS3 gene. Colonies tiiat express HIS3 can be 
detected by their growtii on petri dishes containing semi-solid agar based media, lacldng 

25 histidlne. The cDNA can then be purified from these sti-ains, and used to produce and isolate 
tiie bait angiostatin gene-interacting protein using techniques routinely practiced In the art. 

Angiostatin gene products of the Invention may, in vivo, Interact with one or more 
macromolecules, including cellular or extracellular macromolecules, such as proteins. Such 
macromolecules may include, but are not limited to, other proteins, such as cellular receptors, 

30 or nucleic acid molecules and those proteins Identified via methods such as those described, 
above. For example, the angiostatin gene product may interact witti a receptor as a peptide 
homione or neuropeptide. For purposes of this discussion, the macromolecules are refenred 
to herein as "binding partiiers". Compounds that dismpt angiostatin binding In tills way may 
be useful in regulating the activity of tiie angiostatin gene product, especially mutant 

35 angiostatin gene products. For example, such compounds may Interfere with the Interaction 
of the angiostatin gene product, with its receptor. Such compounds may include, but are not 
limited to, molecules such as peptides, and tiie iiice, as described, for example, above, which 
would be capable of gaining access to an angiostatin gene product. 

The basic principle of the assay systems used to identify compounds that interfere 

40 with the interaction between tiie angiostatin gene product and its binding partiier or partners 
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involves preparing a reaction mixture containing tlie anglostatin gene product, and the binding 
partner under conditions and for a time sufficient to allow the two to Interact and bind, thus 
forming a complex, in order to test a compound for inhibitory activity, the reaction mixture Is 
prepared in the presence and absence of the test compound. The test compound may be 

5 initially included in the reaction mixture, or may be added at a time subsequent to the addition 
of the anglostatin gene product and Its binding partner. Control reaction mixtures are 
incubated without the test compound or with a placebo. The formation of any complexes 
between the anglostatin gene protein and the binding partner is then detected. The formation 
of a complex in the control reaction, but not in the reaction mixture containing the test 

10 compound, Indicates that the compound interferes with the interaction of the anglostatin gene 
' protein and the interactive binding partner. Additionally, complex formation within reaction 
mixtures containing the test compound and normal anglostatin gene protein may also be 
compared to complex fonnation within reaction mixtures containing the test compound and a 
mutant anglostatin gene protein. This comparison may be important In those cases wherein it 

15 is desirable to Identify compounds that disrupt Interactions of mutant but not normal 
anglostatin gene proteins. 

The assay for compounds that Interfere with the interaction of the anglostatin gene 
products and binding partners can be conducted in a heterogeneous or homogeneous format. 
Heterogeneous assays involve anchoring either the anglostatin gene product or the binding 

20 partner onto a solid phase and detecting complexes anchored on the solid phase at the end of 
the reaction. In homogeneous assays, the entire reaction Is canried out In a liquid phase. In 
either approach, the order of addition of reactants can be varied to obtain different information 
about the compounds being tested. For example, test compounds that interfere with the 
interaction between the anglostatin gene products and the binding partners, e.g., by 

25 competition, can be identified by conducting the reaction in the presence of the test 

substance; l.e„ by adding the test substance to the reaction mixture prior to or simultaneously 
with the anglostatin gene protein and interactive intracellular binding partner. Alternatively, 
test compounds that disrupt preformed complexes, e.g., compounds with higher binding 
constants that displace one of the components fipom the complex, can be tested by adding the 

30 test compound to the reaction mixture after complexes have been formed. The various 
formats are described briefly below. 

In a heterogeneous assay system, either the anglostatin gene product or the 
interactive binding partner, is anchored onto a solid surfece, while the non-anchored species 
Is labeled, either directly or indirectly. In practice, microtlter plates are conveniently utilized. 

35 The anchored species may be immobilized by non-covalent or covalent attachments. Non- 
covalent attachment may be accomplished simply by coating the solid surface with a solution 
of the anglostatin gene product or binding partner and drying. Alternatively, an immobilized 
antibody specific for the species to be anchored may be used to anchor the species to the 
solid surface. The surfaces may be prepared in advance and stored. 
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In order to conduct the assay, the partner of the immobilized species is exposed to the 
coated surface with or without the test compound. After the reaction is complete, unreacted 
components are removed (e.g., by washing) and any complexes formed will remain 
immobilized on the solid surface. The detection of complexes anchored on the solid surface 
5 can be accomplished in a number of ways. Where the non-immobilized species is pre- 
labeled, the detection of label immobilized on the surface indicates that complexes were 
formed. Where the non-immobilized species is not pre-iabeled, an Indirect label can be used 
to detect complexes anchored on the surface; e.g., using a labeled antibody specific for the 
initially non-immobilized species (the antibody, in turn, may be directly labeled or indirectly 

10 labeled with a labeled anti-lg antibody). Depending upon the order of addition of reaction 
components, test compounds that Inhibit complex fomnation or that disrupt prefbnned 
complexes can be detected. 

Alternatively, the reaction can be conducted in a liquid phase in the presence or 
absence of the test compound, the reaction products separated from unreacted components, 

15 and complexes detected; e.g., using an immobilized antibody specific for one of the binding 
components to anchor any complexes formed In solution, and a labeled antibody specific for 
the other partner to detect anchored complexes. Again, depending upon the order of addition 
of reactants to the liquid phase, test compounds that inhibit complex or that disrupt preformed 
complexes can be Identified. 

20 In an alternate embodiment of the invention, a homogeneous assay can be used. In 

this approach, a prefomned complex of the angiostatin gene protein and the Interactive binding 
partner is prepared in which either the angiostatin gene product or Its binding partners is 
labeled, but the signal generated by the label is quenched due to complex formation (see, 
e.g., U.S. Patent No. 4.109,496 by Rubenstein which utilizes this approach for 

25 Immunoassays). The addition of a test substance that competes with and displa'ces one of 
the species from the preformed complex will result in the generation of a signal above 
bacl<ground. In this way, test substances that disrupt a angiostatin gene protein/binding 
partner interaction can be identified. 

In a particular embodiment, the angiostatin gene product can be prepared for 

30 immobilization using recombinant DNA techniques described above. For example, the 

angiostatin coding region can be fused to a glutathione-S-transferase (GST) gene using a 
fusion vector, such as pGEX-5X-1 , in such a manner that its binding activity is maintained in 
the resulting fusion protein. The interactive binding partner can be purified and used to raise a 
monoclonal antibody, using methods routinely practiced In the art and described above. This 

35 antibody can be labeled with the radioactive isotope "^1, for example, by methods routinely 
practiced In the art. In a heterogeneous assay, e.g., the GST-angiostatin fusion protein can 
be anchored to glutathione-agarose beads. The interactive binding partner can then be added 
in the presence or absence of the test compound in a manner that allows interaction and 
binding to occur. At the end of the reaction period, unbound material can be washed away, 

40 and the labeled monoclonal antibody can be added to the system and allowed to bind to the 
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compiexed components. The interaction between the angiostatin gene protein and the 
interactive binding partner can be detected by measuring the amount of radioactivity that 
remains associated with the giutathione-agarose beads. A successful inhibition of the 
interaction by the test compound will result in a decrease in measured radioactivity. 

5 Alternatively, the GST-anglostatih gene fusion protein and the Interactive binding 

partner can be mixed together in liquid In the absence of the solid glutathione-agarose beads. 
The test compound can be added either during or after the species are allowed to Interact. 
This mixture can then be added to the glutathione-agarose beads and unbound material is 
washed away. Again the extent of inhibition of the angiostatin gene product/binding partner 

10 Interaction can be detected by adding the labeled antibody and measuring the radioactivity 
associated with the beads. 

In another embodiment of the invention, these same techniques can be employed 
using peptide fragments that correspond to the binding domains of the angiostatin protein 
and/or the Interactive or bipding partner (In cases where the binding partner is a protein), in 

15 . place of one or both of the full length proteins. Any number of methods routinely practiced In 
the art can be used to identify and Isolate the binding sites. These methods include, but are 
not limited to, mutagenesis of the gene encoding one of the proteins and screening for 
disruption of binding In a co-immunoprecipitatlon assay. Compensating mutations In the gene 
encoding the second species in the complex can then be selected. Sequence analysis of the 

20 genes encoding the respective proteins will reveal the mutations that con-espond to the region 
of the protein involved in Interactive binding. Alternatively, one protein can be anchored to a 
solid surface using methods described in this section, above, and allowed to Interact with and 
bind to its labeled binding partner, which has been treated with a proteolytic enzyme, such as 
trypsin. After washing, a short, labeled peptide comprising the binding domain may remain 

25 associated with the solid material, which can be isolated and Identified by amino acid 

sequencing. Also, once the gene coding for the segments can be engineered to express 
peptide fragments of the protein, which can then be tested for binding activity and purified or 
synthesized. 

For example, and not by way of limitation, an angiostatin gene product can be 
30 anchored to a solid material as described, above, in this section by making a GST-angiostatIn 
fusion protein and allowing It to bind to glutathione agarose beads. The interactive binding 
partner obtained can be labeled with a radioactive Isotope, such as ^S, and cleaved with a 
proteolytic enzyme such as trypsin. Cleavage products can then be added to the anchored 
GST-angiostatin fusion protein and allowed to bind. After washing away unbound peptides, 
35 labeled bound material, representing the binding partner binding domain, can be eluted, 
purified, and analyzed for amino add sequence by well known methods. Peptides so 
identified can be produced synthetically or fused to appropriate faciiltative proteins using 
recombinant DNA technology. 

Compounds including, but not limited to, binding compounds Identified via assay 
40 techniques such as those described, above, can be tested for the ability to ameliorate 



wo 2004/108916 



PCT/IB2004/001802 



symptoms of an angiogenesis-related disorder, e.g., angiogenesis-dependent cancer, 
including, for example, solid tumors, blood bom tumors such as leukemlas, and tumor 
metastases; benign tumors, for example hemangiomas, acoustic neuromas, neurofibromas, 
trachomas, and pyogenic granulomas; rheumatoid arthritis; psoriasis; ocular angiogenic 

5 diseases, for example, diabetic retinopathy, retinopathy of prematurity, macular degeneration, 
corneal graft rejection, neovascular glaucoma, retrolental fibroplasia, rubeosis; Osier-Webber 
Syndrome; myocardial angiogenesis; plaque neovascularization; telangiectasia; hemophiliac 
joints; angiofibroma; wound granulation; coromary collaterals; cerebral collaterals; 
arteriovenous malformations; Ischemic limb angiogenesis; diabetic neovascularization; 

10 macular degeneration; fractures; vasculogenesis; hematopofesis; ovulation; menstruation; 
placentation; Intestinal adhesions; atherosclerosis; scleroderma; hypertrophic scars, i.e., 
keloids; cat scratch disease (Rochele minaiia quintosa); and ulcers {Helicobacter pylori). It 
should be noted that the assays described herein can identify compounds that affect 
angiostatin gene activity by either affecting angiostatin gene expression or by affecting the 

15 level of angiostatin gene product activity. For example, compounds may be identified that are 
involved in another step in the pathway in which the angiostatin gene and/or angiostatin gene 
product is involved and, by affecting this same pathway may modulate the effect of angiostatin 
on the development of an angiogenesis-related disorder such as cancer. Such compounds 
can be used as part of a therapeutic method for the treatment of the disorder. 

20 Described below are cell-based and animal model-based assays for the identification 

of compounds exhibiting such an ability to ameliorate symptoms of an angiogenesis-related 
disorder, e.g., cancer. 

First, cell-based systems can be used to Identify compounds that may act to 
ameliorate symptoms of an angkigenesls-feiated disorder, e.g., cancer. Such cell systems 

25 can Include, for example, recombinant or non-recomblnant cell, such as cell lines, that 
express the angiostatin gene. 

In utilizing such cell systems, cells that express angiostatin may be exposed to a 
compound suspected of exhibiting an ability to ameliorate symptoms of an angiogenesis- 
related disorder, e.g., cancer, at a sufficient concentration and for a sufficient time to elicit 

30 such an amelioration of such symptoms in the exposed ceils. After exposure, the cells can be 
assayed to measure alterations in the expression of the angiostatin gene, e.g.. by assaying 
cell lysates for angiostatin mRNA transcripts (e.g., by Northern analysis) or for angiostatin 
gene products expressed by the cell; compounds that modulate expression of the angiostatin 
gene are good candidates as therapeutics. Alternatively, the cells are examined to detenmlne 

35 whether one or more cellular phenotypes associated with an angiogenesis-related disorder, 
e.g., cancer, has been altered to resemble a more nomnal or unimpaired, unaffected 
phenotype, or a phenotype more likely to produce a lower Incidence or severity of disorder 
symptoms. 

In addition, animal-based systems or models for an angiogenesis-related disorder, 
40 e.g.. cancer, may be used to Identify compounds capable of ameliorating symptoms of the 
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disorder. Such animal-based systems or models may include, for example, transgenic mice, 
e.g., mice that have been genetically engineered to express exogenous or endogenous 
angiostatin sequences or, alternatively, to no longer express endogenous angiostatin gene 
sequences (/.e., "knock-out" mice). Such animal models may be used as test substrates for 
5 the identification of dmgs, phamnaceutteais, therapies and interventions that may be effective 
in treating such disorders. For example, animal models may be exposed to a compound 
suspected of exhibiting an ability to ameliorate symptoms, at a sufficient concentration and for 
a sufficient time to elicit such an amelioration of symptoms of an anglogenesls-related 
disorder, e.g., cancer, in the exposed animals. The response of the animals to the exposure 
10 may be monitored by assessing the reversal of such symptoms. 

With regard to Intervention, any treatments that reverse any aspect of symptoms of an 
anglogenesls-related disorder, e.g., cancer, should be considered as candidates for human 
therapeutic intervention in such a disorder. Dosages of test agents may be determined by 
deriving dose-response curves, as discussed in, below. 
IS A variety of methods can be employed for the diagnostic and prognostic evaluation of 

anglogenesls-related disorders, such as cancer, and for the identification of subjects having a 
predisposition to such disorders. 

Such methods may. for example, utilize reagents such as the angiostatin gene 
nucleotide sequences described above, and antibodies directed against angiostatin gene 
20 products. Including peptide fragments thereof, as described, above. Specifically, such 
reagents may be used, for example, for: 

(1 ) the detection of the presence of angiostatin gene mutations, or the detection 
of either over- or under-expression of angiostatin gene mRNA relative to the 
state of an angiogenesis-related disorder, such as cancer; 
25 (2) the detection of either an over- or an under-abundance of angiostatin gene 

product relative to the unaffected state; and 
(3) the detection of an aberrant level of angiostatin gene product activity relative 

to the unaffected state. 
Angiostatin gene nucleotide sequences can, for example, be used to diagnose an 
30 angiogenesis-related disorder using, for example, the techniques for angiostatin mutation 
detection described above. 

The methods described herein may be performed, for example, by utilizing pre- 
packaged diagnostic kits comprising at least one specific angiostatin gene nucleic acid or anti- 
angiostatin gene antibody reagent described herein, which may be conveniently used, e.g., In 
35 dinlcal settings, to diagnose subjects exhibiting abnormalities of an anglogenesls-related ■ 
disorder, e.g., cancer. 

For the detection of angiostatin mutations, any nucleated cell can be used as a 
starting source for genomic nucleic acid. For the detection of angiostatin gene expression or 
angiostatin gene products, any cell type or tissue in which the angiostatin gene Is expressed 
40 may be utilized. 
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Nudeic acid-based detection techniques are described, above. Peptide detection 
techniques are described, above. 

The methods described herein can furthermore be utilized as diagnostic or prognostic 
assays to identify subjects having or at risk of developing a disease or disorder associated 

5 with aberrant expression or activity of a polypeptide of the Invention. For example, the assays 
described herein, such as the preceding diagnostic assays or the following assays, can be 
utilized to identify a subject having or at risl< of developing a disorder associated with abenrant 
expression or activity of a polypeptide of the Invention. Alternatively, the prognostic assays 
can be utilized to Identify a subject having or at risk for developing such a disease or disorder. 

10 Thus, the present invention provides a method In which a test sample is obtained from a 
subject and a polypeptide or nucleic acid (e.g., mRNA, genomic DNA) of the invention Is 
detected, wherein the presence of the polypeptide or nucleic acid is diagnostic for a subject 
having or at risk of developing a disease or disorder associated with aberrant expression or 
activity of the polypeptide. As used herein, a "test sample" refers to a btological sample 

15 obtained from a subject of Interest. For example, a test sample can be a bk)loglcal fluid (e.g., 
serum), cell sample, or tissue. 

Furthermore, the prognostic assays described herein can be used to determine 
whether a subject can be administered an agent (e.g.. an agonist, antagonist, peptidomimetic. 
protein, peptide, nucleic acid, small molecule, or other drug candidate) to treat a disease or 

20 disorder associated with aben^nt expression or activity of a polypeptide of the Invention. For 
example, such methods can be used to determine whether a subject can be effectively treated 
with a specific agent or class of agents (e.g., agents of a type which decrease activity of the 
polypeptide). Thus, the present invention provides methods for determining whether a subject 
can be effectively treated with an agent for a disorder associated with aberrant expression or 

25 activity of a polypeptide of the invention In which a test sample is obtained and the polypeptkJe 
or nucleic acid encoding the polypeptide is detected (e.g., wherein the presence of the 
polypeptide or nucleic acki is diagnostic for a subject that can be administered the agent to 
treat a disorder associated with abenrant expression or activity of the polypeptide). 

The methods of the invention also can be used to detect genetic lesions or mutations 

30 in a gene of the invention, thereby determining if a subject with the lesioned gene is at risk for 
a disorder characterized aberrant expression or activity of a polypeptkie of the Invention. In 
preferred embodiments, the methods Include detecting, In a sample of cells from the subject, 
the presence or absence of a genetic lesion or mutation characterized by at least one of an 
alteration affecting the Integrity of a gene encoding the polypeptide of the Invention, or the mls- 

35 expression of the gene encoding the polypeptide of the invention. For example, such genetic 
lestons or mutations can be detected by ascertaining the existence of at least one of: 1 ) a 
deletion of one or more nucleotides from the gene; 2) an addition of one or more nucleotides 
to the gene; 3) a substitution of one or more nucleotides of the gene; 4) a chromosomal 
rearrangement of the gene; 5) an alteration in the level of a messenger RivJA transcript of the 

40 gene; 6) an aben-ant modification of the gene, such as of tiie methylatton pattern of the 
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genomic DNA; 7) the presence of a non-wild type splicing pattern of a messenger RNA 
transcript of the gene; 8) a non-wild type level of a the protein encoded by the gene; 9) an 
allelic loss of the gene; and 10) an Inappropriate post-translational modification of the protein 
encoded by the gene. As described herein, there are a large number of assay techniques 

5 known in the art which can be used for detecting lesions In a gene. 

In certain embodiments, detection of the lesion involves the use of a probe/primer In a 
polymerase chain reaction (PGR) {see, e.g., U.S. Patent Nos. 4,683,195 and 4,683,202), such 
as anchor PGR or RAGE PGR, or, alternatively, in a ligation chain reaction (LCR) (see, e.g., 
Landegran et al. (1988) Science 241:1077-1080; and Nalcazawa et al. (1994) Proc. Natl. Acad. 

10 Sci. USA 91 :330-364), the latter of which can be particularly useful for detecting point 

mutations In a gene (see, e.g.. Abravaya et al. (1995) Nucleic Acids Res, 23:675-682). This 
method can Include the steps of collecting a sample of cells from a subject, Isolating nucleic 
acid (e.g.. genomic, mRNA or both) from the cells of the sample, contacting the nucleic acid 
sample with one or more primers which spedfically hybridize to the selected gene under 

15 conditions such that hybridization and amplification of the gene (rf present) occurs, and 

detecting the presence or absence of an amplification product, or detecting the size of the 
amplification product and comparing the length to a control sample. It is anticipated that PGR 
and/or LGR may be desirable to use as a preliminary ampiification>step In conjunction with any 
of the techniques used for detecting mutations described herein. 

20 Alternative amplification methods Include: self sustained sequence replication 

(Guatelli et al. (1990) Proc. Natl. Acad. ScL USA 87:1874-1878), transcriptional amplification 
system (Kwoh, et al. (1989) Proc. Natl. Acad. Sci. USA 86:1173-1177). Q-Beta Repiicase 
(LteardI et at. (1988) Bio/Technology 6:1 197), or any other nucleic acid amplification method, 
followed by the detection of the amplified molecules using techniques well known to those of 

25 skill In the art. These detection schemes are especially useful for the detection of nucleic acid 
molecules if such molecules are present in very low numbers. 

In an alternative embodiment, mutatk)ns in a selected gene from a sample cell can be 
Identified by alterations In restriction enzyme cleavage patterns. For example, sample and 
control DNA is isolated, amplified (optionally), digested with one or more restriction 

30 endonucleases. and fragment length sizes are determined by gel electrophoresis and 

compared. Differences in fragment length sizes between sample and control DNA indicates 
mutations In the sample DNA. Moreover, the use of sequence specific ribozymes (see, e.g., 
U.S. Patent No. 5,498,531) can be used to score for the presence of specific mutations by 
development or loss of a ribozyme cleavage site. 

35 In other embodiments, genetic mutations can be Identified by hybridizing a sample 

and control nucleic acids, e.g.. DNA or RNA, to high density anrays containing hundreds or 
thousands of oligonucleotides probes (Cronln etal., 1996, Human Mutation 7:244-255; Kozal 
et al., 1996, Nature Medicine 2:753-759). For example, genetic mutations can be identified in 
two-dimensional arrays containing light-generated DNA probes as described in Gronin et al., 

40 supra. Briefly, a first hybrkJization array of probes can be used to scan through long stretches 
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of DNA in a sample and control to Identify base changes between the sequences by making 
linear arrays of sequential overlapping probes. This step allows the identification of point 
mutations. This step is followed by a second hybridization an-ay that allows the 
characterization of specific mutations by using smaller, specialized probe arrays 
5 complementary to ail variants or mutations detected. Each mutation anray is composed of 

parallel probe sets, one complementary to the wild-type gene and the other complementary to ^ 
the mutant gene. 

In yet another embodiment, any of a variety of sequencing reactions i<nown in the art 
can be used to directly sequence the selected gene and detect mutations by comparing the 

10 sequence of the sample nucleic acids with the conresponding wild-type (control) sequence. 
(Examples of sequencing reactions include those based on techniques developed by Maxim 
and Gilbert. 1977, Proc. Natl. Acad. Scl. USA 74:560 or Sanger, 1977, Proc. Nat!. Acad, ScL 
USA 74:5463). It is also contemplated that any of a variety of automated sequencing 
procedures can be utilized when perfonDing the diagnostic assays (1995, Bio/Techniques 

15 1 9:448). including sequencing by mass spectrometry (see. e.g., PCT Publication No. WO 
94/16101; Cohen et al., 1996, Adv. Chromatogr. 36:127-162; and Griffin et al., 1993. AppL 
Biochem. Biotechnol. 38:147-159). 

Other methods for detecting mutations in a selected gene Include methods in which 
protection from cleavage agents is used to detect mismatched bases in RNA/RNA or 

20 RNfiJDHA heteroduplexes (Myers et al.. 1985. Science 230:1242). In general, the technique 

of mismatch cleavage entails providing heteroduplexes formed by hybridizing (labeled) RNA or . 
DNA containing the wild-type sequence with potentially mutant RNA or DNA obtained from a 
tissue sample. The double-stranded duplexes are treated with an agent which cleaves single- 
stranded regions of the duplex such as which will exist due to basepalr mismatches between 

25 the control and sample strands. RN/V/DNA duplexes can be treated with RNase to digest 
mismatched regions, and DNA/DNA hybrids can be treated with SI nuclease to digest 
mismatched regions, in other embodiments, either DNA/DNA or RNA/DNA duplexes can be 
treated with hydroxylamlne or osmium tetroxide and with piperidine in order to digest 
mismatched regions. After digestion of the mismatched regions, the resulting material is then 

30 separated by size on denaturing polyacrylamide gels to determine the site of mutation. (See, 
e.g.. Cotton et al., 1988, Proc. Natl, Acad, Scl, USA 85:4397; Saleeba et al., 1992, Methods 
EnzymoL 217:28&-295.) In a prefenred embodiment, the control DNA or RNA can be labeled 
for detection. 

In still another embodiment, the mismatch cleavage reaction employs one or more 
35 proteins that recognize mismatched base pairs In double-stranded DNA (so called "DNA 

mismatch repair enzymes") in defined systems for detecting and mapping point mutations in 
cDNAs obtained from samples of cells. For example, the mutY enzyme of £. coll deaves A at 
G/A mismatches and the thymidine DNA glycosylase from HeLa cells cleaves T at GfV 
mismatches (Hsu et al., 1994, Carc/nogenes/s 15:1657-1662). According to an exemplary 
40 embodiment, a probe based on a selected sequence, e.g., a wild-type sequence, Is hybridized 
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to a cDNA or other DMA product from a test cell(s). The duplex Is treated with a DiNiA 
mismatch repair enzyme, and the cleavage products, if any, can be detected from 
electrophoresis protocols or the like. (See, e.g., U.S. Patent No. 5.459,039.) 

in other embodiments, alterations In electrophoretic mobility will be used to identify 

5 mutations in genes. For example, SSCP may be used to detect differences In electrophoretic 
mobility between mutant and wild type nucleic acids (Orita et al.. 1989, Proc. Natl. Acad, Sci. 
USA 86:2766; see also Cotton, 1993, Mutat Res. 285:125-144; HayashI, 1992. Genet Anal. 
Tech. Appl. 9:73-79). Single-stranded DMA fragments of sample and control nucleic acids will 
be denatured and allowed to renature. The secondary staicture of single-stranded nucleic 

10 acids varies according to sequence, and the resulting alteration in electrophoretic mobility 
enables the detection of even a single base change. The DNA fragments may be labeled or 
detected with labeled probes. The sensitivity of the assay may be enhanced by using RNA 
(rather than DNA). In which the secondary structure is more sensitive to a change in 
sequence. In a prefen-ed embodiment, the subject method utilizes heterodupiex analysis to 

IS separate double stranded heterodupiex molecules on the basis of changes In electrophoretic 
mobility (Keen et al., 1 991 , Trends Genet. 7:5). 

In yet another embodiment, the movement of mutant or wild-type fragments In 
poiyacryiamide gels containing a gradient of denaturant is assayed using denaturing gradient 
gel electrophoresis (DGGE) (Myers et al., 1985. Nature 313:495). When DGGE is used as 

20 the method of analysis, DNA will be modified to insure that It does not completely denature, for 
example by adding a GC damp of approximately 40 bp of high-melting GG-rich DNA by PGR. 
In a further embodiment, a temperature gradient is used in place of a denaturing gradient to 
identify differences in the mobility of control and sample DNA (Rosenbaum and Reissner, 
1987. Blophys, Chem. 265:12753). 

25 Examples of other techniques for detecting point mutations include, but are not limited 

to, selective oligonucleotide hybridization, selective amplification, or selective primer 
extension. For example, oligonucleotide primers may be prepared in which the Icnown 
mutation Is placed centrally and then hybridized to target DNA under conditions which penmit 
hybridization only if a perfect match Is found (SaikI et al., 1986, Nature 324:163; SaikI et al., 

30 1989. Proc. Natl. Acad, Sci USA 86:6230). Such allele specific oligonucleotides are 
hybridized to PGR amplified target DNA or a number of different mutations when the 
oligonucleotides are attached to the hybridizing membrane and hybridized with labeled target 
DNA. 

Alternatively, allele specific amplification technology which depends on selective PGR 
35 amplification may be used in conjunction with the instant Invention. Oiigonucieotides used as 
primers for specific amplification may carry the mutation of interest in the center of the 
molecule (so that amplification depends on differential hybridization) (Gibbs et al., 1989, 
Nucleic Adds Res. 1 7:2437-2448) or at the extreme 3' end of one primer where, under 
appropriate conditions, mismatch can prevent or reduce polymerase extension (Prossner, 
40 1993, Tibtech 1 1 :238). In addition, it may be desirable to introduce a novel restriction site in 
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the region of the mutation to create cleavage-based detection (Gasparini et al., 1992. MoL Cell 
Probes 6:1 ). It Is anticipated that in certain emt)odimente amplification may also be perfonned 
using Taq ligase for amplification (Barany, 1991, Proc. Natl. Acad. Sci. USA 88:189). In such 
cases, ligation will occur only if there is a perfect match at the 3* end of the 5' sequence 

5 making it possible to detect the presence of a known mutation at a specific site by looking for 
the presence or absence of amplification. The metiiods described herein may be performed, 
for example, by utilizing pre-packaged diagnostic kits comprising at least one probe nucleic 
acid or antibody reagent described herein, which may be conveniently used, e.g., in clinical 
settings to diagnose subjects exhibiting symptoms or family history of a disease or illness 

10 involving a gene encoding a polypeptMe of the invention. Furthermore, any cell type or tissue, 
preferably peripheral blood leukocytes, In which the polypeptide of the Invention is expressed 
may be utilized in the prognostic assays described herein. 

The invention further provides kits that facilitate the use and/or detection of angiostatin 
genes and gene products described herein. The kits described herein may be conveniently 

15 used, e.g., In clinical settings to diagnose subjects exhibiting symptoms or family history of a 
disease or illness involving a gene encoding a polypeptide of the invention. Furthermore, any 
cell type or tissue in which the polypeptide of the invention is expressed may be utilized in the 
prognostic assays described herein. In one embodiment, a diagnostic test kit for identifying 
cells or tissues which mis-express angiostatin genes or gene products is provided. In this 

20 embodiment, a diagnostic kit Is provkJed, with one or more containers comprising an 

oligonucleotide, e.g., a detectably labeled oligonucleotide, which hybridizes to a nucleic acid 
sequence encoding a polypeptide of the Invention. In another embodiment, a kit is provided, 
with one or more containers comprising a pair of primers useful for amplifying a nucleic acid 
molecule encoding a polypeptide of the invention, in various other embodiments, the kit can 

25 also comprise, e.g., a buffering agent, a preservative, or a protein stabilizing agent. The kit 

also can comprise components necessary for detecting the detectable agent (e.g., an enzyme 
or a substrate). The kit also can contain a control sample or a series of control samples which 
can be assayed and compared to Uie test sample. Each component of the kit is usually 
enclosed within an individual container and all of ttie various containers are within a single 

30 package along with instructions for observing whether ihe tested subject Is suffering from, or 
is at risk of developing, a disorder associated with aben'ant expression of tiie polypeptide. 
Such a kit can be used, for example, to measure tiie levels of a nucleic acid molecule 
encoding the protein in a sample of cells from a subject, e.g., detecting mRNA levels or 
determining whetiier a gene encoding the protein has been mutated or deleted. 

35 In another embodiment, the invention provides kits for detecting the presence of a 

polypeptide or nucleic acid of the invention in a biological sample (a test sample). Such kits 
can be used to detenmlne if a subject is suffering from or is at increased risk of developing a 
disorder associated with aberrant expression of a polypeptide of the invention as discussed, 
for example, In sections above relating to uses of tiie sequences of the invention. In this 

40 embodiment, a kit is provided, with one or more containers comprising: (1 ) a first antibody 
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(e.g., attached to a solid support) which binds to a polypeptide of the invention; and, optionally, 
(2) a second, different antibody which binds to either the polypeptide or the first antibody and 
Is conjugated to a detectable agent. Such kits can be used to determine ff a subject is 
suffering from, or is at increased risk of, an anglogenesls-reiated disorder, such as cancer. 
5 Described below are methods and compositions whereby an angiostatin-mediated 

process can be modulated and/or whereby an angiogenesis-related disorder, e.g., cancer, 
may be treated. 

For example, such methods can comprise administering compounds which modulate 
the expression of an angiostatin gene and/or the synthesis or activity of an angiostatin gene 
10 product so that the process is modulated or a symptom of the disorder Is ameliorated. 

Alternatively, in those instances whereby the anglogenesls-reiated disorder, e.g., 
cancer, results from angiostatin gene mutations that lower or abolish angiostatin activity, 
respectively, such methods can comprise supplying a mammal with a nucleic acid molecule 
encoding an unimpaired angiostatin gene product such that an unimpaired angiostatin gene 
IS product Is expressed and symptoms of the disorder are ameliorated. 

in another embodiment of methods for the treatment of mammalian anglogenesls- 
reiated disorder, e.g., cancer, resulting from angiostatin gene mutations, such methods can 
comprise supplying a mammal with a cell comprising a nucleic acid molecule that encodes an 
unimpaired angiostatin gene product such that the cell expresses the unimpaired angiostatin 
20 gene product and symptoms of the disorder are ameliorated. 

In cases in which a loss of normal angiostatin gene product function results in the 
development of an angiogenesis-related disorder phenotype, e.g., cancer, an increase In 
iangiostatin gene product activity would facilitate progress towards an asymptomatk; state In 
Individual organisms exhibiting a deficient level of angiostatin gene expression and/or 
25 angiostatin gene product activity. Methods for enhancing the expression or synthesis of 
angiostatin can include, for example, methods such as those described below. 

Alternatively, symptoms of anglogenesls-reiated disorder phenotype, e.g., cancer, 
may be ameliorated by administering a compound that decreases the level of angiostatin gene 
expression and/or angiostatin gene product activity. I^ethods for Inhibiting or reducing the 
30 level of angiostatin synthesis or expression can Include, for example, methods such as those 
described below. 

in one embodiment of treatment methods, the compounds administered do not 
comprise compounds, in particular drugs, reported to ameliorate or exacert>ate the symptoms 
of an anglogenesls-reiated disorder. If such treatment methods do comprise such 
35 compounds, preferably such compounds are utilized in a manner (e.g., different dosage, 

mode of administration, and/or co-administration with one or more additional compounds) that 
differs from the manner in which such compounds have been administered previously. 

In another embodiment, symptoms of a disorder described herein, e.g., cancer, may 
be ameliorated by angiostatin protein therapy methods, e.g., decreasing or increasing the level 
40 and/or activity of angiostatin using the angiostatin protein, fusion protein, and peptide 
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sequences described above, or by the administration of proteins or protein fragments (e.g., 
peptides) wiilch interact with an anglostatin gene or gene product and thereby inhibit or 
potentiate its activity. 

Such protein therapy may include, for example, the administration of a functional 

5 . anglostatin protein or fragments of an anglostatin protein (e.g., peptides) which represent 
functional anglostatin domains. 

In one embodiment, anglostatin fragments or peptides representing a functional 
anglostatin binding domain are administered to an individual organism such that the peptides 

^ bind to an anglostatin binding protein, e.g., an anglostatin receptor. Such fragments or 

10 peptides may serve to Inhibit anglostatin activity In an individual organism by^'competing with, 
and thereby inhibiting, binding of anglostatin to the binding protein, thereby ameliorating 
symptoms of a disorder described herein. Alternatively, such fragments or peptides may 
enhance anglostatin activity in an individual organism by mimicking the function of anglostatin 
In vivo, thereby ameliorating the symptoms of a disorder described herein. 

15 The proteins and peptides which may be used in the methods of the Invention include 

synthetic (e.g., recombinant or chemically synthesized) proteins and peptides, as well as 
naturally occurring proteins and peptides. The proteins and peptides may have both naturally 
occunring and non-naturaliy occurring amino acid residues (e.g., D-amIno acid residues) 
and/or one or more non-peptide bonds (e.g., imino , ester, hydrazide, semicarbazide, and azo 

20 bonds). The proteins or peptides may also contain additional chemical groups (i.e., functional 
groups) present at the amino and/or carboxy termini, such that for example, the stability, 
bioavailability, and/or inhibitory activity of the peptide is enhanced. Exemplary functional 
groups include hydrophobic groups (e.g. carbobenzoxyl, dansyl, and t-butyloxycarbonyl, 
groups), an acetyl group, a 9-fluorenylmethoxy-carbonyl group, and macromoieculajr carrier 

25 groups (e.g., llpid-^tty acid conjugates, polyethylene glycol, or cari^ohydrates) including 
peptide groups. 

In another embodiment, symptoms of certain angiogenesis-reiated disorders, such as 
cancer, may be ameliorated by decreasing the level of anglostatin gene expression and/or 
anglostatin gene product activity by using anglostatin gene sequences in conjunction with weil- 

30 known antisense, gene "knock-out," ribozyme and/or triple helix methods to decrease the level 
of anglostatin gene expression. Among the compounds that may exhibit the ability to 
modulate the activity, expression or synthesis of the anglostatin gene, including the ability to 
ameliorate the symptoms of an angiogenesis-reiated disorder, e.g., cancer, are antisense, 
ribozyme, and triple helix molecules. Such molecules may be designed to reduce or inhibit 

35 either unimpaired, or if appropriate, mutant target gene activity. Techniques for the production 
and use of such molecules are well known to those of skill In the art. 

Antisense RNA and DNA molecules act to directly block the translation of mRNA by 
hybridizing to targeted mRNA and preventing protein translation. Antisense approaches 
involve the design of oligonucleotides that are complementary to a target gene mRNA. The 
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antisense oligonucleotides will bind to the complementary target gene mRNA transcripts and 
prevent translation. Absolute complementarityi aitliough preferred, is not required. 

A sequence "complementary" to a portion of an RNA, as referred to herein, means a 
sequence having sufficient complementarity to be able to hybridize with the RNA, forming a 

5 stable duplex; in the case of doubte-stranded antisense nucleic acids, a single strand of the 
duplex DNA may thus be tested, or triplex fonnation may be assayed. The ability to hybridize 
will depend on both the degree of complementarity and the length of the antisense nucleic 
acid. Generally, the longer the hybridizing nucleic acid, the more base mismatches with an 
RNA it may contain and stiii form a stable duplex (or triplex, as the case may be). One skilled 

10 In the art can ascertain a tolerable degree of mismatch by use of standard procedures to 
detenmine the melting point of the hybridized complex. 

in one embodiment, oligonucleotides complementary to non-coding regions of the 
angiostatin gene could be used in an antisense approach to inhibit translation of endogenous 
angiostatin mRNA. Antisense nucleic acids should be at least six nucleotides in length, and 

IS are preferably oligonucleotides ranging from 6 to about 50 nucleotides In length. In specific 
aspects the oligonucleotide is at least 10 nucleotides, at least 17 nucleotides, at least 25 
nucleotides or at least 50 nucleotides. 

Regardless of the choice of target sequence, it Is prefen-ed that in vitro studies are 
first perfonmed to quantitate the ability of the antisense oligonucleotide to inhibit gene 

20 expression. It is preferred that these studies utilize controls that distinguish between antisense 
gene inhibition and nonspecific biological effects of oligonucleotides. It Is also preferred that 
these studies compare levels of the target IRNA or protein with that of an internal control RNA 
or protein. Additionally, it is envisioned that results obtained using the antisense 
oligonucleotide are compared with those obtained using a control oligonucleotide, it is 

25 prefen'ed that the control oligonucleotide is of approximately the same length as the test 
oligonucleotide and that the nucleotide sequence of the pligonucleotide differs from the 
antisense sequence no more than is necessary to prevent specific hybridization to the target 
sequence. 

The oligonucleotides can be DNA or I^A or chimeric mixtures or derivatives or 
30 modified versions thereof, single-stranded or double-stranded. The oligonucleotide can be 
modified at the base moiety, sugar moiety, or phosphate bacl^bone, for example, to improve 
stability of the molecule, hybridization, etc. The oligonucleotide may include other appended 
groups such as peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating 
transport across the cell membrane (see, e.g., Letslnger, eta!., 1989, Proc. Natl. Acad. ScL 
35 USA 86. 6553-6566; Lemaitre, et ai„ 1987, Proc. Nati. Acad. Sci. 84, 648-652; PCT 

Publication No. WO88y09810, published December 15, 1988) or the blood-brain bamer (see, 
e.g., PCT Publication No. WO89/10134, published April 25, 1988). hybridization-triggered 
cleavage agents (see, e.g.', Kroi et al., 1988, BioTeclinlques 6, 958-976) or intercalating 
agents (see, e.g., Zon, 1988, Pharm. Res. 5, 539-549). To this end, the oligonucleotide may 
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be conjugated to another molecule, e.g., a peptide, hybridization triggered cross-linking agent, 
transport agent, hybridization-triggered cleavage agent, etc. 

The antisense oligonucleotide may comprise at least one modified base moiety which 
Is selected from the group including but not limited to 5-fluorouracil, 5-bromouracil, 

5 5-chlorouracil, 5-lodouracil, hypoxanthine, xanthine, 4-acetylcylosine, 

5-(carboxyhydroxyimethyl) uracil, 5-carboxymethytaminomethyl-2-thiourldine, 
5-carboxymethylaminomethyIuracil, dihydrouracll, beta-D-galactosytqueosine, inoslne, 
N6-lsopentenyladenine, 1-melhylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine. 5-methylcytosine, N6-adenine, 

10 7-methylguanine, 5-methytamlnomethyluracil. 5-methoxyaminomethyt-2-thiouracli, beta- 
D-mannosylqueoslne, 5'-methoxycarboxymethyluracll, 5-methoxyuracll, 2-methylthio-N6- 
isopentenyladenlne, uracil-5-oxyacetlc acid (v), wybutoxosine, pseudouracil, queosine, 
2-thiocytosine, 5-methyl-2-thiouraci!, 2-thlouracil, 4-thIouracll, 5-methyluracil, uracll-5-oxyacetic 
acid methylester, uracil-5-oxyacetic acid (v), 6-methyl-2-thiouracii, 3-(3-amlno-3-N-2- 

15 carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. 

The antisense oligonucleotide may also comprise at least one modified sugar moiety 
selected from the group Including but not limited to arablnose, 2-fluoroarabinose, xylulose, and 
hexose. 

In yet another embodiment, the antisense oligonucleotide comprises at least one 
20 modified phosphate backbone selected from the group consisting of a phosphorothioate, a 
phosphorodithioate, a phosphoramldothioate, a phosphoramldate, a phosphordlamidate, a 
methylphosphonate, an alkyi phosphotriester, and a formacetal or analog thereof. 

In yet another embodiment, the antisense oligonucleotide Is an a-anomeric 
oligonucleotide. An a-anomeric otigonuclebtlde forms specific double-stranded hybrids with 
25 complementary RNA in which, contrary to the usual ^nlts, the strands run parallel to each 
other (Gautier, et aL, 1987, Nucl. Acids Res. 15, 6626-6641). The oligonucleotide Is a 2'-0- 
methylribonucleotide (Inoue, et aL, 1987, NucL Acids Res. 15, 6131-6148), or a chimeric RNA- 
DNA analogue (Inoue, et aL, 1987. FEBS Lett. 21 5, 327-330), 

Oligonucleotides of the Invention may be synthesized by standard methods known In 
30 the art, e.g. by use of an automated DMA synthesizer (such as are commercially available 

from Blosearch, Applied Biosystems, etc.). As examples, phosphorothioate oligonucleotides 
may be synthesized by the method of Stein, et aL (1988, NucL Acids Res. 16. 3209), 
methylphosphonate oligonucleotides can be prepared by use of controlled pore glass polymer 
supports (Sarin, etsL, 1988, Proc. Natl, Acad. ScL USA 85, 7448-7451), etc. 
35 While antisense nucleotides complementary to the target gene coding region 

sequence could be used, those complementary to the transcribed, untranslated region are 
most preferred. 

Antisense molecules should be delivered to cells that express the target gene In vivo. 
A number of methods have been developed for delivering antisense DNA or RNA to cells; 
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e.g.. antisense molecules can be Injected directly Into the tissue site, or modified antlsense 
molecules, designed to target the desired ceils (e.g., antlsense llnlced to peptides or antltradles 
that specificaily bind receptors or antigens expressed on the target cell surface) can be 
administered systemlcaiiy. 
S However, it is often difficult to achieve Intracellular concentrations of the antisense 

sufficient to suppress translation of endogenous mRNAs. Therefore a prefenred approach 
utilizes a recombinant DNA construct in which the antisense oligonucleotide is placed under 
the control of a strong pel 111 or poi 11 promoter. The use of such a construct to transfect target 
cells in the subject will result in the transcription of sufficient amounts of single stranded RNAs 

10 that will fonri complementary base pairs with the endogenous target gene transcripts and 
thereby prevent translation of the target gene mRNA. For example, a vector can be 
introduced e.g., such that it is taken up by a eel) and directs the transcription of an antisense 
RNA. Such a vector can remain episomal or become chromosomaliy integrated, as long as it 
can be transcribed to produce the desired antisense RNA. Such vectors can be constructed 

15 by recombinarft Dh4A technology methods standard in the art. Vectors can be plasmid, viral, 
or others known in the art, used for replication and expression in mammalian ceils. 
Expression of the sequence encoding the antisense RNA can be by any promoter known in 
the art to act In mammalian, preferably human cells. Such promoters can be inducible or 
constitutive. Such promoters include but are not limited to: the SV40 early promoter region 

20 (Benoist and Chambon, 1981 , Nature 290, 304-310), the promoter contained in the 3' long 

terminal repeat of Rous sarcoma virus (Yamamoto. et a/., 1980, Cell 22, 787-797), the herpes 
thymidine kinase promoter (Wagner, etaL, 1981, Proc. Natl. Acad. Scl. USA 78. 1441-1445). 
the regulatory sequences of the metallothionein gene (Brinster, et aL, 1982, Nature 296. 39- 
42), etc. Any type of plasmid, cosmld. YAC or viral vector can be used to prepare the 

25 recombinant DNA construct which can be introduced directly into the tissue site. Alternatively, 
viral vectors can be used that selectively infect the desired tissue, in which case administration 
may be accomplished by another route (e.g., systemically). 

Rlbo2yme molecules designed to catalytlcally cleave target gene mRNA transcripts 
can also be used to prevent translation of target gene mRNA and, therefore, expression of 

30 target gene product. (See, e.g., PCT international Publication WO90/11364, published 
• October 4, 1990; Sanger, ef a/., 1990. Science 247, 1222-1225). 

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage 
of Rl^. (For a review, see Rossi, 1994, Current Biology 4, 469-471 ). The mechanism of 
ribozyme action involves sequence specific hybridization of the ribozyme molecule to 

35 complementary target RNA, followed by an endonucleolytic cleavage event. The composition 
of ribozyme molecules must Include one or more sequences complementary to the target 
gene mRNA, and must include the well known catalytic sequence responsible for mRNA 
cleavage. For this sequence, see, e.g., U.S. Patent No. 5.093,246, which Is incorporated 
herein'by reference in its entirety. 
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While ritx)zymes that cleave mRIMA at site specific recognition sequences can be 
used to destroy target gene mRNAs, the use of hammerhead ribozymes is preferred. 
Hammerhead ribozymes cleave mRNAs at locations dictated by flanking regions that form 
complementary base pairs with the target mRNA. The sole requirement is that the target 

5 mRNA have the following sequence of two bases: 5 -UG-3\ The construction and production 
of hammerhead ribozymes is well known in the art and is described more fully in Myers, ig95, 
Molecular Biology and Biotechnology: A Comprehensive Desk Reference, VCH Publishers, 
New York, (see especially FIG. 4, page 833) and in Haseloff and Geriach, 1988, Nature. 334, 
585-591 , which is incorporated herein by reference In its entirety. 

10 Preferably the ribozyme Is engineered so that the cleavage recognition site is located 

near the 5* end of the target gene mRNA, /.e., to increase efficiency and minimize the 
intracellular accumulation of noh-functional mRNA transcripts. 

The ribozymes of the present invention also include RNA endoribonucleases 
(hereinafter "Cech-type ribozymes") such as the one that occurs naturally in Tetrahymena 

15 thermophila (known as the IVS. or L-19 iVS RNA) and that has been extensively described by 
Thomas Cech and collaborators (Zaug, ef a/., 1984, Science, 224, 574-578; Zaug and Cech. 
1986, Science, 231, 470-475; Zaug, etal., 1986, Nature, 324, 429-433; published International 
patent application No. WO 88/04300 by University Patents inc.; Been and Cech, 1986, Cell, 
47, 207-21 6). The Cech-type ribozymes have an eight base pair active site which hybridizes 

20 to a target RNA sequence whereafter cleavage of the target RNA takes place. The Invention 
encompasses those Cech-type ribozymes which target eight base-pair active site sequences 
that are present in the target gene. 

As in the antisense approach, the ribozymes can be composed of modified 
oiigonucieotides (e.g., for improved stability, targeting, etc.) and should be delivered to cells 

25 that express the target gene In vivo. A preferred method of delivery involves using a DNA 
construct "encoding" the ribozyme under the control of a strong constitutive pol ill or pol ii 
promoter, so that transfected cells will produce sufficient quantities of the ribozyme to destroy 
endogenous target gene messages and inhibit translation. Because ribozymes, unlike 
antisense molecules, are catalytic, a lower intracellular concentration is required for efficiency. 

30 Endogenous target gene expression can also be reduced by inactivating or "knocking 

out" the target gene or its promoter using targeted homologous recombination (e.g., see 
Smithies, etaL, 1985, Natum 317, 230-234; Thomas and Capeochi, 1987, Ce//51, 503-512; 
Thompson, ef a/., 1 989, Cell 5, 31 3-321 ; each of which is incorporated by reference herein in 
its entirety). For example, a mutant, non-functional target gene (or a completely unrelated 

35 DNA sequence) flanked by DNA homologous to the endogenous target gene (either the 
coding regions or regulatory regions of the target gene) can be used, with or without a 
selectable marker and/or a negative selectable mariner, to transfect cells that express the 
target gene in vivo. Insertion of the DNA construct, via targeted homologous recombination, 
results in inactivation of the target gene. Such approaches are particulariy suited in the 

40 agricultural field where modifications to ES (embryonic stem) cells can be used to generate 



wo 2004/108916 



PCT/IB2004/001802 



animal offspring with an inactive target gene (e.g., seeTtK>mas and Capecclii, 1987 and 
Tiiompson, 1989. supra). However this approach can be adapted for use in humans provided 
the recombinant DNA constructs are directly administered or targeted to the required site in 
vivo using appropriate viral vectors. 

5 Aiternatively. endogenous target gene expression can be reduced by targeting 

deoxyrlbonucleotide sequences oompiementary to the regulatory region of the target gene 
(/.e., the target gene promoter and/or enhancers) to form triple helical structures that prevent 
transcription of the target gene in target cells in the body. (See generally, Helene, 1991, 
Anticancer Drug Des., 6(6), 669-584; Helene, e( a/., 1992. Ann, N.Y. Acad, Sc/.. 660, 27-36; 

10 and Maher, 1992, Btoassays 14(12). 807-815). 

Nucleic acid molecules to be used In triplex helix formation for the inhibition of 
transcription should be single stranded and composed of deoxynucleotides. The base 
composition of these oligonucleotides must be designed to promote triple helix formation via 
Hoogsteen base pairing rules, which generally require sizeable stretches of either purines or 

15 pyrimldines to be present on one strand of a duplex. Nucleotide sequences may be 

pyrimidine-based, which will result in TAT and CGC triplets across the three associated 
strands of the resulting triple helix. The pyrimidine-rich molecules provide base 
complementarity to a purine-rich region of a single strand of the duplex in a parallel orientation 
to that strand, in addition, nucleic acid molecules may be chosen that are purine-rich, for 

20 example, contain a stretch of G residues. These molecules will form a triple helix with a DNA 
duplex that is rich in GC pairs, in which the majority of the purine residues are located on a 
single strand of the targeted duplex, resulting in GGC triplets across the three strands in the 
triplex. 

Alternatively, the potential sequences that can be targeted for triple helix fonmation 
25 may be increased by creating a so called "switchback" nucleic acid molecule. Switchback 
molecules are synthesized in an altemating 5-3', 3-5' manner, such that they base pair with 
first one strand of a duplex and then the other, eliminating the necessity for a sizeable stretch 
of either purines or pyrimkjines to be present on one strand of a duplex. 

In instances wherein the antlsense. ribozyme, and/or triple helix molecules described 
30 herein are utilized to inhibit mutant gene expression, it is possible that the technique may so 
efficiently reduce or inhibit the transcription (triple helix) and/or translation (antlsense, 
ribo2^e) of mRNA produced by nomial target gene alleles that the possibility may arise 
wherein the concentration of normal target gene product present may be lower than is 
necessary for a normal phenotype. In such cases, to ensure that substantially normal levels 
35 of target gene activity are maintained, therefore, nucleic acid molecules that encode and 
express target gene polypeptkies exhibiting normal target gene activity may, be introduced 
into cells via gene therapy methods such as those described, below, that do not contain . 
sequences susceptible to whatever antlsense, ribozyme, or triple helix treatments are being 
utilized. Alternatively, in Instances whereby the target gene encodes an extracellular protein, it 
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may be preferable to co-administer normal target gene protein in order to maintain the 
requisite level of target gene activity. 

Anti-sense RNA and DivIA, ribozyme, and triple helix molecules of tlie Invention may 
be prepared by any method known in the art for the synthesis of DNA and RNA molecuies. as 

5 discussed above. These include techniques for chemically synthesl2dng oligodeoxyri- 

bonucleotides and oligoribonucieotldes well loiown In the art such as for example solid phase 
phosphoramidite chemical synthesis. Alternatively. RNA molecules may be generated by in 
vitro and in vivo transcription of DNA* sequences encoding the antisense RNA molecule. Such 
DNA sequences may be incorporated into a wide variety of vectors that incorporate suitable 

10 RNA polymerase promoters such as the T7 or SP6 polymerase promoters. Alternatively, 
antisense cDNA constructs that synthesize antisense RNA constitutively or Indudbly, 
depending on the promoter used, can be Introduced stably into cell lines. 

With respect to an increase in the level of normal angiostatin gene expression and/or 
angiostatin gene product activity, angiostatin gene nucleic acid sequences, described above, 

15 for example, can be utilized for the treatment of an anglogeneslsHrelated disorder, e.g., 

cancer. Such treatment can be administered, for example, in the form of gene replacement 
therapy. Specifically, one or more copies of a normal angiostatin gene or a portion of the 
angiostatin gene that directs the production of a angiostatin gene product exhibiting normal 
angiostatin gene function, may be Inserted Into the appropriate cells within a subject, using 

20 vectors that Include, but are not limited to, adenovirus, adenonassociated virus, herpesvirus 
and retrovims vectors. In addition to other particles that Introduce DNA into cells, such as 
liposomes. 

Because angiostatin genes can be expressed in the brain, such gene replacement 
therapy techniques should be capable delivering angiostatin gene sequences to these cell 

25 types within subjects. Thus, In one embodiment, techniques that are well known to those of 
skill in the art (see, e.g., PCT Publication No. WO89/10134, published April 25, 1988) can be 
used to enable angiostatin gene sequences to cross the blood-brain barrier readily and to 
deliver the sequences to cells in the brain. With respect to delivery that Is capable of crossing 
;the blood-brain banler. viral vectors such as, for example, those described above, are 

30 preferable. 

In another embodiment, techniques for delivery invoive direct administration of such 
angiostatin gene sequences to the site of the cells In which the angiostatin gene sequences 
are to be expressed. 

' Additional methods that may be utilized to Increase the overall level of angiostatin 
35 gene expression and/or angiostatin gene product activity include the introduction of 
appropriate angiostatin-expressing cells, preferably autologous cells, into a subject at 
positions and in numbers that are sufficient to ameliorate the symptoms of an anglogenesis- 
related disorder, e.g., cancer. Such cells may be either recombinant or non-recomblnant. 



54 



wo 2004/108916 



PCT/IB2004/001802 



Among the cells that can be administered to Increase the overall level of angiostatin 
gene expression In a subject are normal cells, preferably liver cells, that express the 
angiostatin gene. 

Alternatively, cells, preferably autologous cells, can be engineered to express 
5 angiostatin gene sequences, and may then be Introduced into a subject In positions 

appropriate for the amelioration of the symptoms of an anglogenesis-related disorder, e.g., 
cancer. Alternately, cells that express an unimpaired angiostatin gene and that are from an 
MHC matched individual organism can be utilized, and may include, for example, liver cells. 
The expression of the angiostatin gene sequences is controlled by the appropriate gene 
10 regulatory sequences to allow such expression In the necessary cell types. Such gene 

regulatory sequences are well known to the sicilled artisan. Such cell4)ased gene therapy 
techniques are well known to those skilled In the art, see, e.g., Anderson, U.S. Patent No. 
5,3g9.349. 

When the cells to be administered are non-autologous cells, they.can be administered 
15 using well known techniques that prevent a host Immune response against the introduced 
cells from developing. For example, the cells may be introduced in an encapsulated form 
which, while allowing for an exchange of components with the immediate extracellular 
environment, does not allow the Introduced cells to be recognized by the host immune system. 
Additionally, compounds, such as those identified via techniques such as those 
20 described above, that are capable of modulating angk>statin gene product activity can be 
administered using standard techniques that are well known to those of skill in the art. In 
instances In which the compounds to be administered are to involve an interaction with brain 
ceils, the administration techniques should Include well known ones that allow for a crossing of 
the blood-brain ban-ier. 

25 Agents, or modulators, which have a stimulatory or Inhibitory effect on activity or 

expression of a polypeptide of the invention as identified by a screening assay described 
herein can be administered to individual organisms to treat (prophylactically or therapeutically) 
disorders associated with abenrant activity of the polypeptide. In conjunctkjn with such 
treatment, the pharmacogenomlcs (I.e., the study of the relationship between an individual's 

30 genotype and that individual's response to a foreign compound or drug) of the individual 

organism may be considered. Differences in metabolism of therapeutics can lead to severe 
toxicity or therapeutic failure by altering tiie relation between dose and blood concentration of 
the pharmacologically active drug. Thus, the pharmacogenomlcs of tfie Indtvklual organism 
permits the selection of effective agents (e.g., drugs) for prophylactic or therapeutic treatments 

35 based on a consideration of the individual organism's genotype. Such pharmacogenomics 

can further be used to determine appropriate dosages and therapeutic regimens. Accordingly, 
tiie activity of a polypeptide of the invention, expression of a nucleic acid of the invention, or 
mutation content of a gene of ttie invention in an Individual organism can be determined to 
thereby select appropriate agent(s) for therapeutic or prophylactic treatment of the individual 

40 organism. 
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Pharmacogenomics deals with clinically significant hereditary variations In the 
response to drugs due to altered drug disposition and abnormal action in affected Individual 
organisms. See, e.g., Under (1997) Clin. Cbem. 43(2):254-266. In general, two types of 
pharmacogenetic conditions can be differentiated. Genetic conditions transmitted as a single 

5 factor altering the way drugs act on the body are refen-ed to as "altered drug action." Genetic 
conditions transmitted as single factors altering the Way the body acts on drugs are refenred to 
as "altered drug metabolism". These pharmacogenetic conditions can occur either as rare 
defects or as polymorphisms. For example, g!ucose-6-phosphate dehydrogenase deficiency 
(G6PD) is a common Inherited enzymopathy in which the main clinical complication is 

10 haemolysis after ingestion of oxidant drugs (anti-maiarials. sulfonamides, analgesics, 
nitrofurans) and consumption of fava beans. 

As an illustrative embodiment, the activity of drug metabolizing enzymes is a major 
determinant of both the intensity and duration of drug action. The discovery of genetic 
polymorphisms of drug metabolizing enzymes (e.g., N-acetyitransferase 2 (NAT 2) and 

15 c^ochrome P450 enzymes CYP2D6 and CYP2C1 9) has provided an explanation as to why 
some subjects do not obtain the expected drug effects or show exaggerated drug response 
and serious toxicity after tal<lng the standard and safe dose of a dmg. These polymorphisms 
are expressed in two phenotypes in the population, the extensive metabolizer (ElVl) and poor 
metabolizer (PM). The prevalence of PM is different among different populations. For 

20 example, the gene coding for CYP2D6 Is highly polymorphic and several mutations have been 
identified in PM, which all lead to the absence of functional CYP2D6. Poor metabolizers of 
CYP2D6 and CYP2C19 quite frequently experience exaggerated drug response and side 
effects when they receive standard doses. If a metabolite is the active therapeutic moiety, a 
PM will show no therapeutic response, as demonstrated for the analgesic effect of codeine 

25 mediated by its CYP2D6-formed metabolite morphine. The other extreme are the so called 

ultra-rapid metabolizers who do not respond to standard doses. Recently, the molecular basis 
of ultra-rapid metabolism has been identified to be due to CYP2D6 gene amplification. Thus, 
the activity of a polypeptide of the invention, expression of a nucleic acid encoding the 
polypeptide, or mutation content of a gene encoding the polypeptide in an individual organism 

30 can be determined to thereby select appropriate agent(s) for therapeutic or prophylactic 
treatment of the individual organism, in addition, pharmacogenetic studies can be used to 
apply genotyping of polymorphic alleles encoding drug-metabolizing enzymes to the 
identification of an individual organism's drug responsiveness phenotype. This knowledge, 
when applied to dosing or drug selection, can avoid adverse reactions or therapeutic failure 

35 and thus enhance therapeutic or prophylactic efficiency when treating a subject with a 

modulator of activity or expression of the polypeptide, such as a modulator Identified by one of 
the exemplary screening assays described herein. 



56 



wo 2004/108916 



PCT/IB20q4/001802 



Monitoring the Influence of agents (e.g., drugs, compounds) on the expression or 
activity of a polypeptide of the Invention (e.g.. the ability to modulate aberrant celt proliferation 
chemotaxis, and/or differentiation) can be applied not only In basic drug screening, but also in 
clinical trials. For example, the effectiveness of an agent, as detemiined by a screening assay 

5 as described herein, to increase gene expression, protein levels or protein activity, can be 

monitored In clinical trials of subjects exhibiting decreased gene expression, protein levels, or 
protein activity. Alternatively, the effectiveness of an agent, as detemiined by a screening 
assay, to decrease gene expression, protein levels or protein activity, can be monitored In 
clinical trials of subjects exhibiting increased gene expression, protein levels, or protein 

10 activity. In such clinical trials, expression or activity of a polypeptide of the Invention and 
preferably, that of other polypeptide that have been Implicated In for example, a cellular 
proliferation disorder, can be used as a martcer of the immune responsiveness of a particular 
cell. 

For. example, and not by way of limitation, genes, including those of the invention, that 

IS are modulated In cells by treatment with an agent (e.g.. compound, drug or small molecule) 
which modulates activity or expression of a polypeptide of the invention (e.g., as identified in a 
screening assay described herein) can be Identified. Thus, to study the effect of agents on 
cellular proliferation disorders, for example, in a clinical trial, cells can be isolated and RNA 
prepared and analyzed for the levels of expression of a gene of the invention and other genes 

20 implicated in the disorder. The levels of gene expression (/.e., a gene expression pattern) can 
be quantified by Northern blot analysis or RT-PCR, as described herein, or alternatively by 
measuring the amount of protein produced, by one of the methods as described herein, or by 
measuring the levels of activity of a gene of the Invention or other genes. In this way, the 
gene expression pattern can serve as a maricer, indicative of the physiological response of the 

25 ceils to the agent. Accordingly, this response state may be determined before, and at various 
points during, treatment of the Individual organism with the agent. 

In a prefen-ed embodiment, the present invention provides a method for monitoring 
the effectiveness of treatment of a subject with an agent (e.g., an agonist, antagonist, 
peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate 

30 identified by the screening iassays described herein) comprising the steps of (I) obtaining a 

pre-administratlon sample from a subject prior to administration of the agent; (li) detecting the 
level of the polypeptide or nucleic add of the invention in the preadministratlon sample; (ill) 
obtaining one or more post-administration samples from the subject; (Iv) detecting the level 
the of the polypeptide or nucleic acid of the invention In the post-admlnistratlon samples; (v) 

35 comparing the level of the polypeptide or nucleic acid of the invention in the pre-administration 
sample with the level of the polypeptide or nucleic acid of the Invention In the post- 
administration sample or samples; and (vi) altering the administration of the agent to the 
subject accordingly. For example, increased administration of the agent may be desirable to 
increase the expression or activity of the polypeptide to higher levels than detected, i.e., to 

40 increase the effectiveness of the agent. Alternatively, decreased adminiistration of the agent 
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may be desirable to decrease expression or activity of the polypeptide to lower levels than 
detected, Ae., to decrease the effectiveness of the agent. 

The compounds of this Invention can be formulated and administered to inhibit a 
variety of anglogenesls-related disorders by any means that produces contact of the active 

5 Ingredient with the agent's site of action in the body of a mammal. They can be administered 
by any conventional means available for use in conjunction with pharmaceuticals, either as 
individual therapeutic active Ingredients or In a combination of therapeutic active Ingredients, 
They can be administered alone, but are generally administered with a pharmaceutical canrier 
selected on the basis of the chosen route of administration and standard pharmaceutical 

10 practice. 

The dosage administered will be a therapeutically effective amount of the compound . 
sufficient to result In amelioration of symptoms of the angiogenesis-related disorder and will, 
of course, vary depending upon known factors such as the pharmacodynamic characteristics 
of the particular active Ingredient and its mode and route of administration; age, sex, health 

IS and weight of the recipient; nature and extent of symptoms; kind of ooncunrent treatment, 
frequency of treatment and the effect desired. 

Toxicity and therapeutic efficacy of such compounds can be delemiined by standard 
pharmaceutical procedures In cell cultures or experimental animals, e.g.. for determining the 
LDso (the dose lethal to 50% of the populatbn) and the ED90 (the dose therapeutically effective 

20 in 50% of the population). The dose ratio between toxic and therapeutic effects is the 

therapeutic Index and it can be expressed as the ratio LD50 /ED50. Compounds which exhibit 
large therapeutic indices are preferred. While compounds that exhibit toxic side effects may 
be used, care should be taken to design a delivery system that targets such compounds to the 
site of affected tissue in order to minimize potential damage to uninfected cells and, thereby, 

25 reduce side effects. 

The data obtained from the ceil culture assays and animal studies can be used in 
formulating a range of dosage for use in humans and cats. The dosage of such compounds 
lies preferably within a range of circulating concentrattons that Include the ED50 with little or no 
toxicity. The dosage may vary within this range depending upon the dosage form employed 

30 and the route of administration utilized. For any compound used in the method of the 

invention, the therapeutically effective dose can be estimated Initially from cell culture assays. 
A dose may be formulated in animal models to achieve a circulating plasma concentration 
range that Includes the IC50 (I.e., the concentration of the test compound which achieves a 
half-maximal inhibition of symptoms) as determined in cell culture. Such information can be 

35 used to more accurately determine useful doses in humans and cats. Levels in plasma may 
be measured, for example, by high perfomnance llqukl chromatography. 

Specific dosages may also be utilized for antibodies. Typically, the prefen-ed dosage 
Is 0.1 mg/kg to 100 mg/kg of body weight (generally 1 0 mg/kg to 20 mg/kg), and if the 
antibody is to act In the brain, a dosage of 50 mg/kg to 100 mg/kg is usually appropriate. If the 

40 antibody is partially human or fully human, it generally will have a longer half-life within the 
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human body than other antibodies. Accordingly, lower dosages of partially human and fully 
human antibodies is often possible. Additional modifications may be used to further stabilize 
antibodies. For example, iipidatlon can be used to stabilize antibodies and to enhance uptalce 
and tissue penetration (e.g., into the brain). A method for Iipidatlon of antibodies is described 
5 by Cmikshank et al. ((1997) J. Acquired Immune Deficiency Syndromes and Human 
Retrovlrology 1 4:1 93). 

A therapeutically effective amount of protein or polypeptide {i.e., an effective dosage) 
ranges from about 0.001 to 30 mg/kg body weight, preferably about 0.01 to 25 mg/kg body 
weight, more preferably about 0.1 to 20 mg/kg body weight, and even more preferably about 1 
10 to 10 mg/kg. 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 5 to 6 mg/kg body weight. 

Moreover, treatment of a subject with a therapeutteaily effective amount of a protein, 
polypeptide or antibody can Include a single treatment or, preferably, can include a series of 
treatments. In a prefen-ed example, a subject (e.g. a cat) is treated with antibody, protein, or 
polypeptide in the range of between about 0.1 to 20 mg/kg body weight, one time per week for 
15 between about 1 to 10 weeks, preferably between 2 to 8 weeks, more preferably between 
about 3 to 7 weeks, and even more preferably for about 4, 5 or 6 weeks. 

The present invention further encompasses agents which modulate expression or 
activity. An agent may, for example, be a small molecule. For example, such small molecules 
Include, but are not limited to. peptides, peptidomlmetics. amino acids, amino acid analogs, 
20 polynucleotides, polynucleotide analogs, nucleotides, nucleotide analogs, organic or inorganic 
compounds (/.e,. including heteroorganic and organometalllc compounds) having a molecular 
weight less than about 10.000 grams per mole, organic or inorganic compounds having a 
molecular weight less than about 5,000 grams per mole, organic or inorganic compounds 
having a molecular weight less than about 1 ,000 grams per mole, organic or Inorganks 
25 compounds having a molecular weight less than about 500 grams per mole, and salts, esters, 
and other pharmaceutically acceptable forms of such compounds. 

It is understood that appropriate doses of small molecule agents depends upon a 
number of factors known to those or ordinary skill In the art, e.g., a physician. The dose(8) of 
the small molecule will vary, for example, depending upon the Identity, size, and condition of 
30 the subject or sample being treated, further depending upon the route by which the 

composition is to be administered, if applicable, and the effect which the practitioner desires 
the small molecule to have upon the nucleic acid or polypeptide of the invention. Exemplary 
doses Include milligram or microgram amounts of the small molecule per kilogram of subject 
or sample weight (e.g., about 1 microgram per kilogram to about 500 milligrams per kilogram, 
35 about 100 micrograms per kilogram to about 5 milligrams per kilogram, or about 1 microgram 
per kilogram to about 50 micrograms per kilogram. 

Pharmaceutical compositions for use In accordance with the present Invention may be 
fonmulated In conventional manner using one or more physiologically acceptable carriers or 
excipients. 
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Thus, the compounds and their physiologically acceptable salts and solvates may be 
formulated for administration by Inhalation or insufflation (either through the mouth or the 
nose) or oral, buccal, parenteral or rectal administration. 

For oral administration, the pharmaceutical compositions may take the form of, for 

5 example, tablets or capsules prepared by conventional means with pharmaceutically 
acceptable exclplents such as binding agents (e.g., pregelatlnised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose, mlcrocrystalline 
cellulose or calcium hydrogen phosphate): lubricants (e.g., magnesium stearate, talc or silica); 
dlsintegrants (e.g., potato starch or sodium starch glycolate); or wetting agents (e.g., sodium 

10 iauryi sulphate). The tablets may be coated by methods well known in the art. Liquid 

preparations for oral administration may take the form of, for example, solutions, syrups or 
suspensions, or they may be presented as a dry product for constitution with water or other 
suitable vehicle before use. Such liquid preparations may be prepared by conventional means 
with pharmaceutically acceptable additives such as suspending agents (e.g.. sorbitol syrup. 

15 cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g., lecithin or acacia); 
non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol or fractionated vegetable 
oils); and preservatives (e.g., methyl or propyl-p-hydroxybenzoates or sorbic acid). The 
preparations may also contain buffer salts, flavoring, coloring and sweetening agents as 
appropriate. 

20 Preparattons for oral administration may be suitably formulated to give controlled 

release of the active compound. 

For buccal administration the compositions may take the form of tablets or lozenges 
formulated In conventional manner. 

For administration by inhalation, the compounds for use according to the present 

25 invention are convenientiy delivered In the form of an aerosol spray presentation from 
pressurized packs or a nebulizer, with tiie use of a suitable propellent, e.g.. 
dlchiorodifluoromethane, trichlorofiuoromethane, dichlorotetrafluoroethane, carbon dioxide or 
other suitable gas. In \he case of a pressurized aerosol the dosage unit may be determined 
by providing a valve to deliver a metered amount Capsules and cartridges of e.g. gelatin for 

30 use In an inhaler or insufflator may be fomnulated containing a powder mix of the compound 
and a suitable powder base such as lactose or starch. 

The compounds may be formulated for parenteral administration by Injection, e.g., by 
bolus injection or continuous infusion. Formulations for injection may be presented in unit 
dosage fonri, e.g., in ampoules or in multi-dose containers, with an added preservative. The 

35 compositions may take such forms as suspensions, solutions or emulsions in oily or aqueous 
vehicles, and may contain formulatory agents such as suspending, stabilizing and/or 
dispersing agents. Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g., sterile pyrogen-free water, before use. in general, water, a 
suitable oil, saline, aqueous dextrose (glucose), and related sugar solutions and glycols such 

40 as propylene glycol or polyethylene glycols are suitable carriers for parenteral solutions. 
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Solutions for parenteral administration contain preferably a water soluble salt of the active 
Ingredient, suitable stabilizing agents and, if necessary, buffer substances. Antloxidizing 
agents sucli as sodium bisuifate, sodium sulfite or ascorbic acid, either alone or combined, 
are suitable stabilizing agents. Also used are citric acid and its salts and sodium 

5 ethylenediamlnetetraacetic acid (EDTA). In addition, parenteral solutions can contain 

preservatives such as benzalkonlum chloride, methyl- or propyl-paraben and chiorobutanol. 
Suitable pharmaceutical carriers are described In Remington's Phannaceutlcal Sciences, a 
standard reference text in this field. 

The compounds may also be formulated In rectal compositions such as suppositories 

10 or retention enemas, e.g., containing conventional suppository bases such as cocoa butter or 
other glyoerides. 

In addition to the formulations described previously, the compounds may also bd 
formulated as a depot preparation. Such long acting fonnulations may be administered by 
implantation (for example subcutaneously or Intramuscularly) or by Intramuscular Injection. 
15 Thus, for example, the compounds may be formulated with suitable polymeric or hydrophobic 
materials (for example as an emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly soluble derivatives, for example, as a sparingly soluble salt. 

Additionally, standard piiarmaceutical methods can be employed to control the 
duration of action. These are well known In the art and Include control release preparations 
20 and can Include appropriate macromolecules. for example polymers, polyesters, polyamino 
acids, polyvinyl, pyrolldohe, ethylenevlnylacetate, methyl cellulose, carboxymethyl cellulose or 
protamine sulfate. The concentration of macromolecules as well as the methods of 
incorporation can be adjusted In order to control release. 

Additfonally, the agent can be Incorporated Into partlcjes of polymeric materials such 
25 as polyesters, polyamino acids, hydrogels, poly (lactic add) or ethylenevlnylacetate 

copolymers. In addition to being incorporated, these agents can also be used to trap the 
compound in microcapsules. 

The compositions may, if desired, be presented In a pack or dispenser device which 
may contain one or more unit dosage forms containing the active ingredient. The pack may 
30 for example comprise metal or plastic foil, such as a blister pack. The pack or dispenser 
device may be accompanied by instructions for administration. 

Useful phamiaceutical dosage fonns. for admlnlstratfon of the compounds of this 
Invention can be Illustrated as follows: 

Capsules: Capsules are prepared by filling standard two-piece hard gelatin capsulates 
35 each with the desired amount of powdered active ingredient. 175 milligrams of lactose, 24 
milligrams of talc and 6 milligrams magnesium stearate. 

Soft Gelatin Capsules: A mixture of active ingredient in soybean oil Is prepared and 
injected by means of a positive displacement pump into gelatin to form soft gelatin capsules 
containing the desired amount of the active ingredient. The capsules are then washed and 
40 dried. 
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Tablets: Tablets are prepared by conventional procedures so that the dosage unit Is 
the desired amount of active ingredient. 0.2 milligrams of colloidal silicon dioxide. 5 milligrams 
of magnesium stearate, 275 miiligrams of microcrystalline cellulose, 11 milligrams of 
cornstarch and 98.8 miiligrams of lactose. Appropriate coatings may be applied to increase 
5 paiatabiilty or to delay absorption. 

Injectable: A parenteral composition suitable for administration by injection Is prepared 
by stirring 1 .5% by weight of active ingredients In 10% by volume propylene glycol and water. 
The solution is made isotonic with sodium chloride and sterilized. 

Suspension: An aqueous suspension is prepared for oral administration so that each 
10 5 millimeters contain 1 00 milligrams of finely divided active Ingredient, 200 miiligrams of 
sodium carboxymethyl cellulose, 5 miltigrams of sodium benzoate, 1 .0 grams of sorbitol 
solution U.S.P. and 0.025 millimeters of vanillin. 

Gene Therapy Administration: Where appropriate, the gene therapy vectors can be 
fonnulated Into preparations In solid, semisolid, liquid or gaseous forms such as tablets, 
15 capsules, powders, granules, ointments, solutions, suppositories, injectlonsp inhalants, and 
aerosols, in the usual ways for their respective route of administration. Means known in the 
art can be utilized to prevent release and absorption of the composition until it reaches the 
target organ or to ensure timed-release of the composition. A pharmaceuticaliy acceptable 
form should be employed which does not ineffectuate the compositions of the present 
20 Invention. In pharmaceutical dosage forms, tiie compositions can be used alone or in 
appropriate association, as well as In combinationp wiUi other pharmaceuticaliy active 
compounds. 

Accordingly, the pharmaceutical composition of the present invention may be 
delivered via various routes and to various sites in an animal body to achieve a particular 

25 effect (see, e.g., Rosenfeld et al. (1991), supra; Rosenfeid et al., Clin. Res., 3 9(2), 31 1 A 

(1991 a); Jaffa et al., supra; Berkner, supra). One skilled In tiie art will recognize that although 
more tiian one route can be used for administration, a particular route can provide a more 
Immediate and more effective reaction tiian another route. Local or systemic delivery can be 
accomplished by administration comprising application or instiitation of the formulation into 

30 body cavities, inhalation or insufflation of an aerosol, or by parenteral introduction, comprising 
intramuscular, intravenous, peritoneal, subcutaneous. Intradermal, as well as topical 
administration. 

The compositions of the present invention can be provided in unit dosage form 
wherein each dosage unit, e.g., a teaspoonful, tablet, solution, or suppository, contains a 

35 predetermined amount of the composition, alone or in appropriate combination with other 

active agents. The term "unit dosage form" as used herein refers to physically discrete units 
suitable as unitary dosages for human and animal subjects, each unit containing a 
predetermined quantity of the compositions of the present invention, alone or In combination 
with other active agents, calculated In an amount sufficient to produce tiie desired effect, In 

40 association with a pharmaceuticaliy acceptable diluent, carrier, or vehicle, where appropriate. 
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The specifications for the unit dosage forms of the present invention depend on the particular 
effect to be achieved and the particular pharmacodynamics associated with the 
pharmaceutical composition in the particular host. 

Accordingly, the present Invention also provides a method of transferring a therapeutic 

5 gene to a host, which comprises administering the vector of the present Invention, preferably 
as part of a composition, using any of the aforementioned routes of administration or 
altematlve routes known to those skilled In the art and appropriate for a particular application. 
The "effective amount" of the composition is such as to produce the desired effect In a host 
which can be monitored using several end-points known to those skilled in the art. Effective 

10 gene transfer of a vector to a host ceil in accordance with the present invention to a host cell 
can be monitored in terms of a therapeutic effect (e.g. alleviation of some symptom 
associated with the particular disease being treated) or, further, by evidence of the transferred 
gene or expression of the gene within the host (e.g., using the polymerase chain reaction in 
conjunction with sequencing, Northem or Southern hybridizations, ortranscriptfon assays to 

15 detect the nudetc acid in host cells, or using Immunoblot analysis, antibody-mediated 
detection, mRNA or protein half-life studies, or particularized assays to detect protein or 
polypeptide encoded by the transfen^d nucleic acid, or impacted in level or function due to 
such transfer). 

These methods described herein are by no means all-inclusive, and further methods 

20 to suit the specifte application will be apparent to the ordinary skilled artisan. IVloreover, the 
effective amount of the compositions can be further approximated through analogy to 
compounds known to exert the desired effect. 

Furthermore, the actual dose and schedule can vary depending on whether the 
compositions are administered in combination with other pharmaceutical compositions, or 

25 depending on individual differences in pharmacokinetics, drug disposition, and metabolism. 

Similariy, amounts can vary in in vitro applications depending on the particular cell line utilized 
(e.g., based on the number of adenoviral receptors present on the cell surface, or the ability of 
the particular vector employed for gene transfer to replicate in that cell line). Furthenfnore, the 
amount of vector to be added per cell will likely vary with the length and stability of the 

30 therapeutic gene Inserted in the vector, as weil as also the nature of the sequence, and is 

partlculariy a parameter which needs to be determined emplricaliy, and can be altered due to 
factors not Inherent to the methods of the present invention (for instance, the cost associated 
with synthesis). One skilled In the art can easily make any necessary adjustments in 
accordance with the exigencies of the particular situation. 

35 The following examples are offered by way of example, and are not intended to limit 

the scope of the Inventton in any manner. 
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EXAMPLES 

IDENTIFICATION AND CLONING OF ANGIOSTATIN GENE 
5 In the Example presented In this section, studies are described that Identify a novel 

feline gene, referred to herein as angiostatin, which is involved in angiogenesls-related 
disorders, e.g., cancer. 

[MATERIALS AND METHODS 

1 . tsQiatlon of RNA from cat liver tissue . 50 mg of cat liver tissue was disrupted and 

10 homogenized by rotor-stator homogenizer (Kontes, Vineland. NJ) and total RIMA was purified 
using RNneasy Mini Kit following instructions from manufacturer (QIagen Inc.. Santa Clarita. 
OA). 30 ug of RNA was isolated and was suspended In H2O at 0.5 ug/ui. 

2. RT-PCR ampiification and cionlnc of a recion of felin e piasminoaen encompassing 
anaiostatin . Angiostatin is an Internal fragment of plasminogen (amino acid Val98-Giy4e9 in 

15 murine plasminogen). A pair of primers were designed to amplily a region of feline 
plasminogen cDNA based on consensus sequences from human (accession number 
X05199), mouse (accession number J04766) and bovine (accession number X79402). The 5* 
primer: TGCAGGGGATTGCAGTACCACAGTAAAGAGC (SEQ ID NO: 5). conBsponding to 
nucleotide #205-235 of murine plasminogen cDNA, and the 3' primer: 

20 ATGCTGTGTCTGTGGGGCTCCTGGGC (SEQ ID NO: 6), con'espondlng to nucleotide 

#1 543-1 568 of murine plasminogen cDNA were used for the amplification reactions. The RT- 
PCR reaction was performed using Ready-To-Go RT-PCR beads from Amersham Phamfiacia 
Biotech, inc. 0.5 ug of cat liver RNA was denatured at 68"C for 2 minutes. The reverse 
transcription reaction was perfonnned at 42*'C for 30 minutes, and the PCR program was: hold 

25 at 94'C for 3 minutes, followed by 35 cycles of 30 seconds at 94*C, 30 seconds at SSX, 1 .5 
minutes at 68X and 5 minutes of extension at The PCR products were analyzed by 
electrophoresis. 

The PCR products were cloned Into Eukaryotic TA cloning vector pCR 2.1 -TOPO 
(Invitrogen, Carisbad, CA) following manufacturer's Instructions and designated as pCR2.1- 
30 pro-fe-angiostatin. Three independent clones containing inserts of the expected size (1 .3 kb) 
were sequenced (Advanced Genetic Analysis Center, St. Paul, MN). The sequences were 
assembled and analyzed using DNAStar (DNAStar Inc. Madison, Wl). 

3. Subcloning of HA-taoaed feline anaiostatin. The exact fragment of feline plasminogen 
corresponding to angiostatin was again cloned Into pDlspiay vector (Invitrogen, Carisbad, CA) 

35 by PCR amplification from pCR2.l-pro-fe-anglostatin using primers: 5* primer- 

GTGCCCCGGGATCTATCTTTCAGAGTGCAAGATT (SEQ ID NO: 7). 3" primer- 
GGA AGTCGACT CACTCTTCTCTGTCCGGACATTTTTTCAGG (SEQ ID NO: 8). To facilitate 
cloning, two restriction enzyme sites, Xma 1 (5' primer) and Acc 1(3* primer) were 
incorporated into the primer sequences as shown by underiine. The insert was fused in-frame 

40 to the signal peptide and IHA epitope sequences present In the vector. The vector pDisplay 
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also contains the platelet derived growth factor receptor (PDGFR) transmembrane domain 
which can be fused to the C-terminus of cloned protein. However, a stop codon TGA (shown ' 
In bold) was added to the 3' primer to terminate translation, therefore the PDGFR 
transmembrane domain downstream of the Insert would not be translated in the final plasmid 

5 construct pDlsplay-IHA-fe-angiostatin. 

4. Subclonlna of feline anaiostatin ^without HA tag). Feline anglostatin was cloned into 
pSecTag2 B vector (Invitrogen, Carisbad, CA) by PGR amplification of pCR2.I-prO"fe- 
angiostatin using primers: 5* Drimer-GAC CAAGCTTA TCTATCTTTCAGAGTGCAAGATT 
(SEQ ID NO: 9), 3' primer-GAACSICGASTCACTCTrCTCTGTCCGGACATTTTTTCAGG 

10 (SEQ ID NO: 10). To facilitate cloning, two restriction enzyme sites. Hind III (5* primer) and 
Xho 1 1(3' primer) were incorporated into the primer sequences as shown by underline. The 
insert was fused in-frame to the signal peptide sequences present In the vector. A stop codon 
TGA (shown in bold) was added to the 3' primer to terminate translation. The final plasmid 
construct was designated pSecTag2-fe-angiostatin. 

15 5. Cionino of murine anaiostatin. In order to compare the antlangiogenesis activity of 

cloned feline angiostatin to that of its murine counterpart, cDNAs encoding murine anglostatin 
were RT-PCR amplified from mouse liver RNA and cloned into pDispiay vector. The primers 
used for ampiifylhg murine angiostatin were: 5'- 
GCATASMQIGTGTATCTGTCAGAATGTAAG (SEQ ID NO: 11). 3'- 

20 CGTAGICGACCTACCCTCCTGTCTCTGAGCAGCGCTTC (SEQ ID NO: 12). The flanlcing 
restriction sites Bgl 11 (5' primer) and Sal I (3' primer) are underilned and the stop codon is 
shown in bold. The resultant plasmids were designated as pDisplay-HA-mu-anglostatin. 

The cDNAs encoding a fragment of feline plaminogen which contains the coding 
region of angiostatin were amplified by RT-PCR from cat liver mRNA using primers designed 

25 from consensus sequences from several species. A 1 .5 kb PGR product was amplified from 
feline plaminogen which was designated pro-anglostatin The PGR products were cloned into 
vector pCR 3.1 and sequenced. The nucleotide sequence of pro-angiostatin is shown In Fig. 
1 (SEQ ID NO: 1), and the predicted amino add sequence is shown in Rg. 2 (SEQ ID NO: 2). 
The region corresponding to angiostatin based on homology is in bold in Fig. 2, and the exact 

30 nucleotide sequence and predicated amino acid sequence of feline angiostatin is shown in 
Fig. 3 (SEQ ID NO: 3) and Fig. 4 (SEQ ID NO: 4) respectively. A comparison of all known 
amino acid sequences of angiostatin Is summarized in Fig. 5. The degree of homology 
betweenfeiine angiostatin and that of human, mouse and bovine is 80%, 78% and 81% 
respectively. The four i<ringle domains of plasminogen which are the signature of anglostatin 

35 are conserved in all species. 
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EXPRESSION OF ANGIQSTATIN GENE 
In the Example presented In this section, studies are descrlk}ed that Identify methods 
to express and assay the novel feline anglostatin gene. 

MATERIALS AND METHODS 
5 1 . Transfection of anolostatin. Human 293 cells grown In 6 well plate were transfected 
with 2.5 ug of plasmlds encoding feline or murine angiostatln using CalPhos Mammalian 
Transfection Kit (CLONTECH Lal)oratorles, Inc., Palo Alto, CA). 

2. Detection of anoiostatin bv immunoblot analysis. 2 days post-transfection, cells were 
harvested by lysis in Tris-Glyclne SDS Sample Buffer (NOVEX, San Diego. CA). The culture 

10 supematants were harvested by centrifugatlon at 3000 rpm for 15 minutes. The proteins were 
separated by 4-12% SDS-PAGE and transferred to PVDF membrane (NOVEX, San Diego, 
CA). For immunoblot analysis. HA antibody against HA epitope were diluted 1:500 and 
Incubated with the blot for 1.5 hours. After Incubating for 30 minutes with alkaline 
phosphatase conjugated anil-mouse IgG (1:10,000, Boehringer Mannheim, Indianapolis. IN), 

15 the bound antibody was detected using phosphatase substrate BCIP/NBT (KPL, Galthersburg, 
Maryland). 

3. Endotheliai cell proliferation assay. The anti-proliferatlve effect of cloned 
feline anglostatin was tested using bovine pulmonary artery endotheliai cells (C-PAE, ATCC. 
Manassas, VA). The cells (10^ cellsAA^Il) were plated in 24-well collagen l-coated plates 

20 (Collaborative Biomedical Products, Bedford, MA) In OptiMEM (GIBCO BRL, Roci^vllle, MD) 
with 2% fetal bovine serum (Nova-Tech Inc., Grand Island, NE). After 24 hour Incubation, the 
medium was replaced with conditioned medium from transfected 293 cells supplemented with 
1 ng/ml bFGF (Collaborative Biomedical Products. Bedford. MA). The cells were trypslnlzed 
48 hours later and viable cells were counted using trypan blue staining and hemacytometer. 

25 The results were analyzed using Prlzm 2.01 (Graphpad Software Inc., San Diego. CA). 

RESULTS 

Expression of feline anoiostatin. The cDNAs encoding feline anglostatin were 
subdoned Into mammalian expression vector pDisplay. Because angiostatln is a fragment of 
a secreted protein and nonnally circulates in the blood, the proteins were fused In-frame at the 

30 N-termlnus to the murine !g k-chain leader sequence which directs the protein to the secretory 
pathway, followed by fusion to hemagglutinin A epitope tag (HA) which allows for detection of 
expressed protein. Human 293 cells were transfected with (^asmids encoding signal 
sequence and HA-tagged angiostatln from cat and mouse, the cells were harvested 48 hours 
post transfection for analysis. A 52 kDa protein was detected by HA antibody from both 

35 culture supernatants (Fig. 6, lane 3) and cell lysates (Fig. 7, lane 3), Indicating that angiostatln 
was expressed and secreted as expected. It should be noted that the predicted size for HA- 
tagged angiostatln Is 43 kDa, which is smaller than the observed molecular weight of 52 kDa. 
The Increase in molecular weight of exogenously expressed angiostatln has been reported 
and It could be due to differential glycosylation in different cell types. Nevertheless, such 
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increase in size does not appears to affect its bloiogicai activity (Wu et ai., 1 997, Blochem 
Biophys Res Commun 236(3):651 -4). 

inhibition of endothelial cell proliferation. One unique feature of anglostatin is its 
ability to specifically Inhibit endothelial cell proliferation (0' Reilly et al., 1 997, Celi 88(2):277- 

5 85; O'Reilly et al., 1994. Cell 79(2):3 15-28). Bovine pulmonary artery endothelial cells (CPAE 
cells) (Dhanabaletal., 1999, J. eto/C/}em274(17):1 1721-6) were stimulated with basic 
fibroblast growth factor (bFGF) in the presence or absence of angiostatin proteins produced 
from conditioned media from transfected 293 cells. The proliferation rate was normalized 
against control cells which were treated with bFGF and conditioned media from green 

10 fluorescent protein (GFP) transfected ceils. The results from four independent experiments 
were summarized in Fig. 8. CPAE ceils proliferated stowly without bFGF activation (52% of 
that of control cells stimulated with bFGF). The addition of HA-tagged feline angiostatin 
. inhibited the stimulating effect of bFGF with CPAE cells proliferating at 57% of that of the 
bFGF-stimulated control cells. The inhibitory activity seen with IHA-tagged feline angiostatin 

15 was comparable to that with the murine protein (59% of the level of controls). The differences 
in proliferation rates between the positive control and each treated group were statistically 
significant (P<0.0001 ). In contrast, treatment with angiostatin did not inhibit proliferation of the 
epithelial 293 cells, suggesting that the inhibitory effect of angiostatin is specific to endothelial 
cells. Similar results were obtained using untagged feline angiostatin (Fig. 9). The addition of 

20 feline angiostatin specificaily inhibited the stimulating effect of bFGF with CPAE ceils 

proliferating at 52% of that of the control. The difference in the proliferation rate between the 
positive control and the treatment group was statistically significant (P<0.0001). 

DISCUSSION 

The cloning of feline anglogenesis Inhibitor angiostatin is reported here. It shares 

25 approximately 78-81 % identity at the amino acid level with Its human and murine counterparts. 
To facilitate secretion of cloned proteins, a signal sequence from mouse ig k-^hain was fused 
to the N-terminus of angiostatin. Immunofluorescent studies and immunoblot assays 
confirmed that the proteins were localized to the secretory pathway and secreted into 
conditioned media. Feline angiostatin was also shown to specifically Inhibit endothelial ceil 

30 proliferation at a level comparable to its murine counterparts. 

Mouse angiostatin has been shown to inhibit the growth of a wide variety of primary 
and metastatic tumors. Furthermore, the treatment with angiostatin can be repeated many 
times without inducing drug resistance or side effects. Since these anglogenesis Inhibitors are 
directed at a novel target (endothelial cells), they can also be conveniently combined with 

35 other cancer therapies such as surgery, chemotherapy, radiation therapy and Immunotherapy 
to achieve superior therapeutic effects. These properties have made angiostatin a very 
attractive candidate for treating felinecancers, where a safe, efficacious, and broad-spectrum 
therapy is very much in need. However, the successful application of angiostatin as cancer 
therapy probably will involve repeated, continuing treatment in order to achieve long-term 

40 tumor suppression andfeiine angiostatin allows for the treatment of cat tumors using specie- 
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specific angiogenesis inhibitors, thereby minimizing the risk of evolving immune responses 
under repeated administration. Finaliy, spontaneous feiinetumors are very simiiar to their 
human correiates In histopathologic and biologic behavior (MacEwen, 1990, Cancer 
Metastasis Rev 9(2): 125-36), therefore experimental results obtained from feline tumors will 

5 also provide valuable Information for human cancer biology and treatment. 

The present Invention is not to be limited in scope by the specific embodiments 
described herein, which are intended as single illustrations of individual aspects of the 
invention, and functionally equivalent methods and components are within the scope of the 
invention. Indeed, various modifications of the invention, in addition to those shown and 

10 described herein will become apparent to those skilled in the art firom the foregoing description 
and accompanying drawings. Such modifications are Intended to fall within the scope of the 
appended claims. 

All publications and patent applications mentioned In this specification are herein 
incorporated by reference to the same extent as if each Individual publication or patent 
15 application was specifically and individually indicated to be Incorporated by reference. 
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WHAT IS CLAIMED IS: 

1 . An Isolated nucleic acid molecute comprising a nucleotide sequence selected from the 
group consisting of: 

5 a) a nucleotide sequence that encodes an anglostatin, wherein said anglostatin 

comprises the polypeptide as shown In SEQ ID NO: 2 or SEQ ID NO: 4; 

b) a nucleotide sequence comprising SEQ ID NO: 1 or SEQ ID NO: 3; 

c) a nucleotide sequence which hybridizes to the complement of the nucleotide 
sequence of a) or b), with the proviso that the nucleotide sequence does not 

10 encode a chicken, human or mouse anglostatin; and 

d) the complement of a nucleotide sequence selected from a), b) or c). 

2. A vector comprising the nucleic acid of claim 1 . 

IS 3. A host cell genetically engineered to contain the nucleic acid of claim 1 . 



4. The host cell of Claim 3 wherein said nucleic acid is operatlvely linked with a 
regulatory nucleotide sequence capable of directing the expression of the polypeptide 
encoded by said nucleic acki in said host ceil. 

5. A transgenic, non-human animal which has been genetically engineered to contain a 
transgene comprising the nucleic acid of claim 1 . 



6. An Isolated polypeptide comprising the amino acid sequence as set forth in SEQ ID 
25 NO: 2 or SEQ ID NO: 4. 



1. An isolated polypeptide comprising an amino acid sequence encoded by the Isolated 
nucleic acid molecule of claim 1 . 



30 8. An antibody which binds to the isolated polypeptide of claim 6 or 7. 

9. An isolated fuston polypeptide comprising a fusion peptide and an amino acid 
sequence selected from SEQ ID NO: 2, SEQ ID NO: 4, or an amino acid sequence encoded 
by the isolated nucleic acid molecule of claim 1 . 

35 

1 0. A method for treating an anglogenesls-related disorder In a subject comprising 
administering to the subject a compound which modulates the function, activity and/or 
expression of an anglostatin in the subject. 

40 11. The method of daim 1 0. wherein the angiogenesis-related disorder is selected from 
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the group consisting of cancer; anglogenesis-dependent cancer comprising solid tumors, 
biood bom tumors such as ieukemias. and tumor metastases; benign tumors, comprising 
hemangiomas, acoustic neuromas, neurofibromas, trachomas, and pyogenic granulomas; 
rheumatoid arthritis; psoriasis; ocular angiogenic diseases, comprising diabetic retinopathy, 

5 retinopathy of prematurity, macular degeneration, corneal graft rejection, neovascular 
glaucoma, retroientai fibroplasia, rubeosis; Osier-Webber Syndrome; myocardial 
angiogenesis; plaque neovascularization; telangiectasia; hemophiliac Joints; angiofibroma; 
wound granulation; corornary collaterals; cerebral collaterals; arteriovenous malformations; 
ischemic limb angiogenesis; diabetic neovascularization; macular degeneration; fractures; 

10 vascuiogenesis; hematopoiesis; ovulation; menstruation; and piacentation. 

12. A method for identifying a compound which modulates expression of an angiostatin 
sequence comprising: 

a) bringing a test compound into contact with a cell that expresses an angiostatin; 
15 b) measOring a level of expression of said angiostatin sequence in the ceil; 

c) comparing the level of angiostatin sequence expression in the cell in the presence 
of the test compound to a level of angiostatin sequence expression in the ceil In 
the absence of the test compound, 
wherein If the level of angiostatin sequence expression in the cell in the presence of 
20 the test compound differs from the level of expression of the angiostatin sequence in the ceil 
in the absence of the test compound, a compound that modulates expression of an 
angiostatin is Identified. 

1 3. A method for identifying a compound which modulates activity of an angiostatin 
25 comprising: 

a) contacting a test compound to a cell that expresses an angiostatin; 

b) measuring the level of activity of the said angiostatin in the cell; 

c) comparing the level of activity of said angiostatin in the cell in the presence of the 
test compound to the level of activity of said angiostatin In the ceil in the absence 

30 of the test compound, 

wherein if the level of activity of said angiostatin in the ceil in the presence of the test 
compound differs firom the level of angiostatin activity In the ceil in the absence of the test 
compound, a compound that modulates activity of said angiostatin Is identified. 

35 14. A method for modulating the activity and/or expression of an angiostatin sequence in 
a cell comprising administering to the cell a compound which modulates the activity and/or 
expression of an angiostatin sequence in the cell. 



40 



15. The method according to any one of claims 10-14, wherein said angiostatin comprises 
tiie amino acid sequence as set fortii in SEQ ID NO: 2 or SEQ ID NO: 4. 
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FIG. 2 



CRAFQYHSKEQHCVIMAENS 
1 TGCAGGGCATTCCAGTACCACAGTAAAGAGCAACATTGTGTGATCATGGCTGAAAACAGC 

KNSAVFRMRDVVLFEKKIYL 
61 AAG2UITTCGGCTGTCTTC»GGATGAGA0ATGTGGTTTTATTTGA^^ 

SEC KI6NGKSYRGTMSKTKN 
121 TCAGAGTGCUIAGATTGGAAACG6G2UM5AGCTACAGGGGGJ^ 

GVTCQKWSDNAPHKPNYSPD 
181 GGTGTCACCTGTOkAAAATGGAGTGACy^TGCTCCGCACyUiACCTAACTAOT 

KYPAEGLEENYCRNPDSDED 
241 AAGTACCCTGCGGAGGGGCTGGAGGAGAATTACTGCAGGAACCCCGACAGT6ACGAGGAC 

GPWCYTTDPNKRPDYCD I PE 
301 G6ACCCTGGTGCTACACCACAGACCCAAACAAGAGGTTCGACTACTGCGACATTCCAGAG 

CEDECMHCSGENYRGKISKT 
361 TGTGAAGATGAATGTATGOICTGCAGTGGGGAAAACTATGAGGGCAAAATTTCC^ 

ISOIKCQSWNSQTPHAHGYI 
421 ATCTCTGGAATCUUkATGCCAGTCCTGaaACW:yrC^^ 

PSKPPNKNLKMNYCRNPD GE 
481 CCTTCCAAATTTCCAAACAAGAACCTGAAGATGAATTACTGCCGTAACCCTGATGGGGAG 

PRPWCFTTDPNKRWEFCDIP 
541 CCCCGCCCGTGGTGTTTCACCACAGATCCCAACAAACGCTGGGAGTTCTGTGACATCCCG 

RCTTPPPTPGPTYECIiKGKG. 
601 CGCTGTACAACACCACCCCCyUVCTCCTGGTCCyUlCGTATGAGTGTCTGAAAGGCAAAGGT 

ENYRGKVSLTVSGHTCQRWS; 
661 GAAAACTACCGAGGGAAGGTGTCCCTCACCGTATCTGGACACACTTGTCAGCGCTGGA6.C 

BQTPHKHNRTPENPPCKNLD 
721 GAACAGACCCCOXaVCa^GCACAACAGGACCCCTGAAAACTTCCCTTGC^^ 

ENYCRNPDGETTPWCYTTNS 
781 GAAAACTACTOTCGCaiATCCamTGGAGJU^ACGACTCCGTGGTGCTATACGACC^ 

EVRWEYCQXPSCESSPL SSE 
841 GAAGTGAGGTGGGAATACTGTCAGATCCCGTCCTGTQAOTCCTCGCCaCTGTCCTCAG^ 

HLDAPVSV PPBQTPVVQECY 
901 CATTTGGACGCCCCAGTTTCAGTACCACCTGAACAAACTCCCGTGGTCCAGGAOTGCTAC 

RGNGQSYRGTSSTTITG KKC 
961 CGAGGCAACGGAOlGAGTTATCGAGGCACyiTCATCTACTACTATCaiCAGGAia^GAAGTC 

QPWSSMVPHRHVKT PERYPD 
1021 CAACCTTGGTCATCTATGGTACCACACCGACATGTGAAGACCCCAGAACGCTACCCAGAC 

AGLTMNYCRNPDADKSPWCY 
1081 GCCGGCCTGACCATGAACTACTGCAGGAACCCAGACGCCGACAAGAGCCCTTGGTGTTAC 

TTDPSVRWEFCNLKKCPDRE 
1141 ACCACCGACCCCAGTGTCCGCTGGGAATTCTGTAACCOJGAAAAAATGTCOGGACAGA 

ES ATKSPTVSQVPSAEDPSE 
1201 GAGAGTGCCACCAAGTCCCCGACTGTTTCCCAGGTTCCGAGTGCAGAGGACCCTTCCGAG 

SDCMFGNGKGYRGKRATTVS 
12 61 TCAGACTGCATGTTCGGGAATGGCAAAGGATACCGGGGCAAGAGGGCAACGACCGTTTCG 

GIPCQEWGAQEPHRHS. 
1321 GGCATCCCCTGCCAGGAGTGGGGAGCCCAGGAGCCCCACAGACACAGCAT . 
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FIG. 4 



lYLSECKI GNGKSYRGTMSK 
1 ATCTATCTTTCAGAGTGCAAGATTGGAAACGGGAAGAGCTACAGGGGGACGATGTCCAAA 

TKNGVTCQKWSDNAPHKPNY 
6 1 ACGAAGAATGGTGTCACCTCTCAAAAATGGAGTGACAATGCTCCGCACAAACCTAACTAT 

SPDKYPAEGLBENYCRNPDS 
12 1 TCACCTGATAAGTACCCTGCGGAGGGGCTGGAGGAGAATTACTGCAGGAACCCCGACAGT 

DEDGPWCYTTDPNKRFDYCD 
181 GACGAGGACGGACCCTGGTGCTACACCACAGACCCAAACAAGAGGTTCGACTACTGCGAC 

I PECEDE CMHCSGENYEGKI 
241 ATTCCAGAGTGTGAAGATGAATGTATGCACTGCAGTGGGGAAAACTATGAGGGCAAAATT 

SKTISGIKCQSWNSQTPHAH 
301 TCCAAGACCATCTCTGGAATCAAATGCCAGTCCTGGAACTCTCAAACCCCACATGCTCAC 

GYIPSKFPNKNL KMNYCRNP 

361 ggatatattccttccaaatttccaaacaagaacctgaagatgaattactgccgtaaccct 

dgeprpwcfttdpnkrwefc 
421 gatggggagccccgcccgtggtgtttcaccacagatcccaacaaacgctgggagttctgt 

diprcttppptpgptyeclk 
481 gacatcccgcgctgtacaacaccacccccaactcctggtccaacgtatgagtgtctgaaa 

gk genyrgkvsltvsghtcq, 
541 ggcaaaggtgaaaactaccgagggaaggtgtccctcaccgtatctggac ac acttgtcag 

rwseqtphkhnrtpenfpck; 
601 cgctggagcgaac agacccctc ac aagcac aac aggacccctgaaaacttcccttgcaaa 

nldenycrnpdgettpwcyt* 
661 aatttggatgaaaactactgtcgcaaccctgatggagaaacgactccgtggtgctatacg: 

tnsevrweycqipscess pl 
721 accaacagcgaagtgaggtgggaatactgtcagatcccgtcctgtgagtcctcgccactg 

SSEHLDAPVSVPPEQTPVVQ 

781 TCCTC agaacatttggacgccccagtttcagtaccacctgaacaaactcccgtggtccag 
ecyrgngqsyrgtssttitg 
841 gagtgctaccgaggcaacggacagagttatcgaggcacatcatctactactatcacagga 

KKCQPWSSMVPHRHVKTPER 
901 AAGAAGTGTCAACCTTGGTC ATCTATGGTACCACACCGAC ATGTGAAGACCCC AGAACGC 

YPDAGLTMNYCRNPDADKSP 
961 TACCCAGACGCCGGCCTGACCAT6AACTACTGCAGGAACCCAGACGCCGACAAGAGCCCT 
WCYTTDPSVRWEFCNLKKCP 
1021 TGGTGTTACACCACCGACCCCAGTGTCCGCTGGGAATTCTGTAACCTGAAAAAATGTCCG 

DREE 
1081 GACAGAGAAGAG 



wo 2004/108916 PCT/IB2004/001802 

5/7 

FIG .5 

1 |I|yLSECKlS3NGK3yRGTMSKTI1l3VTCQKWSi2SIlPffflPK® angiostatm-feLme 

1 VYLSECKTGNGKEOyRGTMSKTI®S!rCQKW£(SirSPI®®F aaxp-Ostatin-human 

1 VYLSECKTGiB3SrRGTMSErKSGVS:QKW®^'I|llPHVPNB angiostatm-iiouse 

1 HnElECKTGNGEIiyRGTESBrKSGVTCQKWSATSPHVi®' angxostatan-bovajK 

41 SP^aiEEGLEENYCRNPEE^EOSPWCYTTDE^ECFBDYCD angicstatitl-feline 

41 SESTHEElEGLEENYCRNPDNIISjGPWCYTTDEllEaiYDYCD angd-OStatin-hunan 

41 SEEtrHE^EGLEENYCRNPDNDEQGPWCYTTDPDKRYDYCJSI angiOStatm-aiaise 

41 SUKSIOSLEENYCRNPDNDEEPPWCYTTDPDKRYDYCD angiostatm-bovine 

81 IPECEDECMHCSGENYEGKISKlElSGBS^CiaNl^CElPHAH angiostatdn-feline 

81 lEECE®SCMHCSGErrsiEl3KISKTMSGlffitQAWDSQSPH2m angiostatin-hunnan 

81 IPECEEECMHCSGEElyEGKISKTMSGLDCQAWbSQSPHAH angiostatin-itouse 

81 IPECEEEDMHCSGENYEGKIiaKTMSGeJCQAWDSQSPHAH angiostatm-lxwme 

121 GYIPSKFPNKNLKMNYCI^PIXSEPRPWCFTTDPNKRWEFC aangiostatin-feLine 

121 GYIPSKFPNKNLI®IYCRNPlSEjIlRPWCFTTDPNKRWElIt angiostatin-human 

121 GYIil5lEa!'EiaKNLKMNYCiasiPDGEPRPWCFTTDEfflKRW^ angxostatm-inause 

121 GYIPSKFPNKNLKMNYCRNPDGEPRPWCFTTDIOKRWEFC angxostatxn-lxfvine 

161 DIPRCTTPPlESGPT^LKG^ENYRGMDrVSGHTCQ angiostatin-feline 

161 DIPRCTTPPPSSGPTYQCLKGTGENYRG®«WTVSGHTCQ angiostatin-human 

161 DIPRCTTPPEE13E^YQCLK(^ENYRGTVlSlVTVSGErCQ angiostatm-nDuse . 

161 DIPRCTTPPPSSGIjSyQCLKGTG®n(|S|3TVAVa®SGHTCQ angiostatm-bovune 

201 RWSEQTPHKHimTPENFPCKlSn^DENYCRNPIXSETtriPWCYT ar^ostatin-feLine 

201 |gwS^TPI®INRTPENFPCKNLDENYCPNPDG^PWaHlr angiostatm-human : 

201 RWSEQTPKEHlWTPENFPCKNiElENYCRNPDGETAPWCYT angiOStatin-^noise 

201 RWSEQTPHKHNRTPENFPCKNIJESNYCRNEe3E®^PWCYT angxostaton-bovnjne 

241 TNSEVRWEYC0IPSCESSPL£(S!E1H!L^^^PEQTPWQ angiostatdn-feline 

241 TNflOVRWEYCErPSqgsSE^TEBl^PTHElPPEElrPVVQ aimostatm-lMan 

241 TOSCgRWEYCElPSCESEESPDSSCSSVEESEElEQTPVVQ angiostatannmouse 

241 TNSEVRWEYCElEPSCESSPLSTE^PEaEE3VPPEQTPVED angiostatm-bovaue 

281 BCYSSESQSYRGTSSTTlTGKKCOHWSStfGaPHRHEaKTPEEl angiostatin-feline 

279 DCYHGDGQSYRGTSSTItDTGKKCQSWSSMTPHRHOfCTPEN angiostatm-liUDnaii 

279 |lCYBSlDGQSYRGTSSTTITGKKCQSW^t®PHRHlSKTPEN angiostatan-inouse 

279 DCYHCeSQSYRGTSSTTITGEKCQSWSSMTPHRHDKTPEN angiostatm-bovme 

321 YPDAGLTMNYCRNPDADKElPWCYTTDPSVRWEFCmKKC^ angiostatin-feliDe 

319 YI^AGLTMNYCRNPDADKGPWCEIrTDPSVRWESClNLKKCS angiostatxn-human 

319 (HPDAGI©y[]SryCRNPD0DKGPWCYTTDPSWVraEQ::NLI^ angiostatyi-mcuse 

319 YElEfc^GLTMlTyCRNPDADKlglPWCYTTDlSlVRWEFCNLKKCS angiostaton-bovuie 

3 61 PSEE angiostatin-feLme 

^Rq [r?r-pSl angiostotan-nucnani 

359 ET^ angiostatin-mouse 

359 EUBE aiigiostatin-lxwine 
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<130> PC11702A 

<140> PC11702A 
<141> Herewith 

<160> 12 

<170> Patentin version 3,2 

<210> 1 

<211> 1370 

<212> DNA 

<213> Feline 

<400>. 1 

tgcagggcat tccagtacca cagtaaagag caacattgtg tgatcatggc tgaaaacagc 60 

aagaattcgg ctgtcttcag gatgagagat gtggttttat ttgaaaagaa gatctatctt 120 

. tcagagtgca agattggaaa cgggaagagc tacaggggga cgatgtccaa aacgaagaat 180 

ggtgtcacct gtcaaisiaatg gagtgacaat gctccgcaca aacctaacta ttcacctgat 240 

aagtaccctg cggaggggct ggaggagaat tactgcagga accccjgacag tgacgaggac 300 

ggaccctggt gctacaccac agacccaaac siagaggttcg actactgcga cattccagag 360 

tgtgaagatg aatgtatgca ctgcagtggg gaaaactatg agggcaaaat ttccaagacc 420 

atctctggaa tcaaatgcca gtcctggaac tctcaaaccc cacatgctca cggatatatt 480 

ccttccaaat ttccaaacaa geiacctgaag atgaattact gccgtaaccc tgatggggag 540 

ccccgcccgt ggtgtttcac cacagatccc aacaiaacgct gggagttctg tgacatcccg 600 

cgctgtacaa caccaccccc aactcctggt ccaacgtatg agtgtctgaa aggcaaaggt 660 

gaaaactacc gagggaaggt gtccctcacc gtatctggac acacttgtca gcgctggagc 720 

gaacagaccc ctcacaagca caacaggacc cctgasEaact tcccttgcaa aaatttggat 780 

gaaaactact gtcgcaaccc tgatggagaa acgactccgt ggtgctatac gaccaacagc 840 

gaagtgaggt gggaatactg tcagatcccg' tcctgtgagt cctcgccact gtcctcagaa 900 

catttggacg ccccagtttc agtaccacct gaaca£iactc ccgtggtcca ggagtgctac 960 

cgaggcaacg gacagagtta tcgaggcaca tcatctacta ctatcacagg aaagaagtgt 

caaccttggt catctatggt accacaccga catgtgaaga ccccagaacg ctacccagac 

gccggcctga ccatgaacta ctgcaggaac ccagacgccg acsiagagccc ttggtgttac 1140 

accaccgacc ccagtgtccg ctgggaattc tgtaacctga aaaaatgtcc ggacagagaa 1200 

gagagtgcca ccaagtcccc gactgtttcc caggttccga gtgcagagga cccttccgag 1260 
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tcagactgca tgttcgggaa tggcaaagga taccggggca agagggcaac caccgtttcg 1320 
ggcatcccct gccaggagtg gggagcccag gagccccaca gacacagcat 137.0 

<210> 2 

<211> 456 

<212> PRT 

<213> Feline 

<400> 2 

Cys Arg Ala Phe Gin Tyr His Ser Lys Glu Gin His Cya Val He Met 
15 10 15 

Ala Glu Asn Ser Lys Asn Ser Ala Val Phe Arg Met Arg Asp Val Val 
20 25 30 

Leu Phe Glu Lys Lys He Tyr Leu Ser Glu Cys Lys He Gly Asn Gly 
35 40 45 

Lys Ser Tyr Arg Gly Thr Met Ser Lys Thr Lys Asn Gly Val Thr Cys 
50 55 60 

Gin Lys Trp Ser Asp Asn Ala Pro His Lys Pro Asn Tyr Ser Pro Asp 
65 70 75 80 

Lys Tyr Pro Ala Glu Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp 
85 90 95 

Ser Asp Glu Asp Gly Pro Trp Cys Tyr Thr Thr Asp Pro Asn Lys Arg 
100 105 110 

Phe Asp Tyr Cys Asp He Pro Glu Cys Glu Asp Glu Cys Met His Cys 
115 120 125 

Ser Gly Glu Asn Tyr Glu Gly Lys He Ser Lys Thr He Ser Gly He 
130 135 140 

Lys Cys Gin Ser Trp Asn Ser Gin Thr Pro His Ala His Gly Tyr He 
145 150 155 160 

Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys Met Asn Tyr Cys Arg Asn 
165 170 175 

Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe Thr Thr Asp Pro Asn Lys 
180 185 190 

Arg Trp Glu Phe Cys Asp He Pro Arg Cys Thr Thr Pro Pro Pro Thr 
.195 200 205 
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Pro Qly Pro Thr Tyr Glu Cys Leu Lys Qly Lys Gly Glu Asn Tyr Arg 
210 215 220 

Qly Lys Val Ser Leu Thr Val Ser Gly His Thr Cys Gin Arg Trp Ser 
225 230 235 240 



Glu Gin Thr' Pro His Lys His Asn Arg Thr Pro Glu Asn Phe Pro Cys 
245 250 255 



Lys Asn Leu Asp Glu Asn Tyr Cys Arg Asn, Pro Asp Gly Glu Thr Thr 
260 265 270 



Pro Trp Cys Tyr Thr Thr Asn Ser Glu Val Arg Trp Glu Tyr Cys Gin 
275 280 285 

lie Pro Ser Cys Glu Ser Ser Pro Leu Ser Ser Glu His Leu Asp Ala 
290 295 300 



Pro Val Ser Val Pro Pro Glu Gin Thr Pro Val Val Gin Glu Cys Tyr 
305 310 315 320 

Arg Gly Asn Gly Gin Ser Tyr Arg Gly Thr Ser Ser Thr Thr lie Thr 
325 330 335 



Gly Lys Lys Cys Gin Pro Trp Ser Ser Met Val Pro His Arg His Val 
340 345 350 



Lys Thr Pro Glu Arg Tyr Pro Asp Ala Gly Leu Thr Met Asn Tyr Cys 
355 360 365 



Arg Asn Pro Asp Ala Asp Lys Ser Pro Trp Cys Tyr Thr Thr Asp Pro 
370 375 380 



Ser Val Arg Trp Glu Phe Cys Asn Leu Lys Lys Cys Pro Asp Arg Glu 
385 390 395 400 



Glu Ser Ala Thr Lys Ser Pro Thr Val Ser Gin Val Pro Ser Ala Glu 
405 410 415 



Asp Pro Ser Glu Ser Asp Cys Met Phe Gly Asn Gly Lys Gly Tyr Arg 
420 425 430 



Gly Lys Arg Ala Thr Thr Val Ser Gly lie Pro Cys Gin Glu Trp Gly 
435 440 445 



Ala Gin Glu Pro His Arg His Ser 
450 455 
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<210> 3 

<211> 1092 

<212> DHA 

<213> Feline 

<400> 3 

atctatcttt cagagtgcaa gattggaaac gggaagagct acagggggac gatgtccaaa 60 

acgaagaatg gtgtcacctg tcaaaaatgg agtgacaatg ctccgcacaa acctaactat 120 

tcacctgata agtaccctgc ggaggggctg gaggagaatt actgcaggaa ccccgacagt 180 

gacgaggacg gaccctggtg ctacaccaca gacccaaacja agaggttcga ctactgcgac 240 

attccagagt gtgaagatga atgtatgcac tgcagtgggg aaaactatga gggcaaaatt 300 

tccaagacca tctctggaat caaatgccag tcctggaact ctcaaacccc acatgctcac 360 

ggatatattc cttccaaatt tccaaacaag aacctgaaga tgaattactg ccgtaaccct 420 

gatggggagc cccgcccgtg gtgtttcacc acagatccca acaaacgctg ggagttctgt 480 

gacatcccgc gctgtacaac accaccccca actcctggtc caacgtatga gtgtctgaaa 540 

ggcaaaggtg aaaactaccg agggaaggtg tccctcaccg tatctggaca cacttgtcag 600 

cgctggagcg aacagacccc tcacaagcac aacaggaccc ctgaaaactt cccttgcaaa 660 

aatttggatg aaaactactg tcgcaaccct gatgg^aaa cgactccgtg gtgctatacg 720 

accaacagcg aagtgaggtg ggaatactgt cagatcccgt cctgtgagtc ctcgccactg 780 

tcctcagaac atttggacgc cccagtttca gtaccacctg aacaaactcc cgtggtccag 840 

gagtgctacc gaggcaacgg acagagttat cgaggcacat catctactac tatcacagga 900 

fiiagaagtgtc aaccttggtc atctatggta ccacaccgac atgtgaagac cccagaacgc 960 

tacccagacg ccggcctgac catgaactac tgcaggaacG cagacgccga caagagccct 1020 

tggtgttaca ccaccgaccc cagtgtccgc tgggaattct gtaacctgaa aaaatgtccg 1080 
gacagagaag ag 

<210> 4 

<211> 364 

<212> PRT 

<213> Feline 

<400> 4 

He Tyr Leu Ser Glu Cys Lys He Gly Asn Qly Lys Ser Ty^^ Arg Gly 
1 5 ^ 10 15 

Thr Met Ser Lys Thr Lys Asn Gly Val Thr Cys Gin Lys Trp Ser Asp 
20 25 30 

Asn Ala Pro His Lys Pro Asn Tyr Ser Pro Asp Lys Tyr Pro Ala Glu 
35 40 45 
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Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Ser Asp Glu Asp Gly 
50 55 60 

Pro Trp Cys Tyr Thr Thr Asp Pro Asn Lys Arg Phe Asp Tyr Cys Asp 
65 70 75 80 

He Pro Glu Cys Glu Asp Glu Cys Met His Cys Ser Gly Glu Asn Tyr 
85 90 95 



Glu Gly Lys He Ser Lys Thr He Ser Gly He Lys Cys Gin Ser Trp 
100 105 110 

Asn Ser Gin Thr Pro His Ala His Gly Tyr He Pro Ser Lys Phe Pro 
115 120 125 



Asn Lys Asn Leu Lys Met Asn Tyr Cys Arg Asn Pro Asp Gly Qlu Pro 
130 135 140 

Arg Pro Trp Cys Phe Thr Thr Asp Pro Asn Lys Arg Trp Glu Phe Cys 
145 150 155 160 

Asp He Pro Arg Cys Thr Thr Pro Pro Pro Thr Pro Gly Pro Thr Tyr 
165 170 175 



Glu Cys Leu Lys Gly Lys Gly Glu Asn Tyr Arg Gly Lys Val Ser Leu 
180 185 190 

Thr Val Ser Gly His Thr Cys Gin Arg Trp Ser Glu Gin Thr Pro His 
195 200 205 

Lys His Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Asp Glu 
210 215 220 

Asn Tyr Cys Arg Asn Pro Asp Gly Glu Thr Thr Pro Trp Cys Tyr Thr 
225 230 235 240 



Thr Asn Ser Glu Val Arg Trp Glu Tyr Cys Gin He Pro Ser Cys Glu 
245 250 255 



Ser Ser Pro Leu Ser Ser Glu His Leu Asp Ala Pro Val Ser Val Pro 
260 ' 265 270 



Pro Glu Gin Thr Pro Val Val Gin Glu Cys Tyr Arg Gly Asn Gly Gin 
275 280 285 



Ser Tyr Arg Gly Thr Ser Ser Thr Thr He Thr Gly Lys Lys Cys Gin 
290 295 300 
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Pro Trp Ser Ser Met VaX Pro His Arg His Val Lys Thr Pro Glu Arg 
305 310 315 320 



Tyr Pro Asp Ala Gly Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala 
325 330 335 



Asp Lys Ser Pro Trp Cys Tyr Thr Thr Asp Pro Ser Val Arg Trp Glu 
340 345 350 



Phe Cys Asn Leu Lys Lys Cys Pro Asp Arg Glu Glu 
355 360 



<210> 5 

<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide primer 

<400> 5 

tgcagggcat tccagtacca cagtaaagag c 31 

<210> 6 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide primer 

<400> 6 

atgctgtgtc tgtggggctc ctgggc 26 

<210> 7 

<211> 34 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide primer 

<400> 7 

gtgccccggg atctatcttt cagagtgcaa gatt 34 



<210> 8 

<211> 41 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> synthetic oligonucleotide primer 
<400> 8 

ggaagtcgac tcactcttct ctgtccggac attttttcag g 41 
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<210> 9 

<211> 34 

<212> DNA. 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide primer 

<400> 9 

gaccaagctt atctatcttt cagagtgcaa gatt 



<210> 10 

<211> 41 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide primer 

<400> 10 

gaacctcgag tcactcttct ctgtccggac attttttcag g 



<210> 11 

<2ll> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide primer 

<400> 11 

gcatagatct gtgtatctgt cagaatgtaa g 



<210> 12 

<211> 38 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic oligonucleotide primer 

<400> 12 

cgtagtcgac ctaccctcct gtctctgagc accgcttc 
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